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PREFACE 
Regional policy problems are universal. This means that 
all countries need good methods for analyzing and solving their 
regional problems. Models for regional policy making and plan- 
ning have also been worked out in scientific institutions. It 
is obvious that these abstract models are often not specific 
enough to be used in policy making but have to be adapted to 
the institutional, historical and natural conditions of the 
specific region to be planned. It is one of the ambitions with 
the Silistra regional case study, reported in this volume, to 
test the possibility of applying regional policy models, devel- 
oped in Bulgaria, at IIASA and elsewhere, to the solution of the 
Silistra development problems. 
Some of the models suggested for the Silistra case study 
are presented in this volume. These models should, however, 
not be viewed in isolation but as parts of a general systems 
approach. The papers by M. Albegov and A. Andersson/A. La Bella 
give examples of possible systems approaches to integration of 
regional policy models into a consistent system. 
This volume basically contains papers on model design. Few 
papers report on actual use of the models in applications for 
policy making. The application of these models is planned to be 
reported in later Task Force Proceedings, when the work has pro- 
gressed into a stage of close cooperation with the decision 
makers and national economy planners of the Silistra region. We 
also have the ambition to come to a stage of generalization of the 
modeling experiences gained in this case study so that other 
countries can benefit from the experiences gained in the Silistra 
case study. 
Murat Albegov 
Task Leader 
REGIONAL DEVELOPMENT 
TASK 
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GENERAL TRENDS IN THE SOCIAL 
AND ECONOMIC DEVELOPMENT OF 
THE SILISTRA REGION 
M. Devedjiev, N. Grigorov, 
and A. Atanassov 
The task, which gathered us at the present Task Force Meet- 
ing on the Silistra region, obliges us to try to convey the 
most detailed information in condensed form about the state of 
the region and our intentions and views concerning its develop- 
ment. 
We must point out that the systematic approach and its prac- 
tical application in the development of the economic and social 
spheres in Bulgaria have long ago become the object of attention 
and decisions of the Government. Intentions of the state author- 
ities concern the establishment of the best conditions for the 
building and functioning of all objects and activities from the 
spheres of labor, dwellings, recreation, public services, and 
population migration. They are directed to the effective utili- 
zation of all resources of the country and the satisfaction of 
the multifarious and continuously increasing social needs. The 
execution of those intentions is naturally connected with en- 
vironment and resources. 
In our age of rapid growth and structural change, the eco- 
logy as well as the economy must be considered in a long-term 
perspective. That is the reason for our wish to chooseea complex 
approach in our study and to consider the requirements of the 
branches of social and economic activity, as well as the 
requirements and needs of society today, tomorrow, and in the 
future. 
Those were the considerations and backgrounds for choosing 
Silistra as the object of our cooperative activities. 
NATURAL GEOGRAPHIC CHARACTERISTICS 
The Silistra region occupies the outlying northeastern part 
2 
of the territory of Bulgaria and covers an area of 2860 km , or 
2.6% of Bulgaria. Its population numbers 176,O-00 persons, or 2% 
of the total population. Silistra is one of the smallest and 
least populated regions in Bulgaria. The great distance from 
the main economic centres of the country and some other specific 
factors have determined the peculiarities in the social and eco- 
nomic development of the region. The region produces 1.2% of 
the national industrial production and 4.7% of the agricultural 
production. About 66.8% of the working population in the region 
is occupied in those two branches, while the remaining are oc- 
cupied in the developing area of public service. 
When we consider the results achieved in the economic area 
and the historical factors, we may look optimistically towards 
the future. In 1939, the region was considered a backward and 
primitive agricultural district, while now we are proud of its 
great achievements in agricultural production and the production 
of computing equipment, which is sold in many countries. 
Of course, when we judge the future of the region, we should 
bear in mind the great national tasks, and study the physical and 
geographic conditions that make the Silistra region favorable for 
the development of agriculture. Here are included a part of the 
Danube hilly plain, the Dobrudja plateau and the northern parts 
of the Ludogorsko plateau. The region has mostly plains and 
hilly-plains. It favors the development of a highly mechanized 
agriculture. 
Engineering and geologic research activites have not found 
ore deposits. Of practical significance is only the kaolin de- 
posit near the village Kolobar. There are also quarries for 
building materials situated in the waterless southeastern and 
northeastern plains of the region. 
The climate is moderate-continental. The winter is com- 
paratively mild. The average temperature for January is from 
0 
-1 to OOC. The average July temperature is 21° to 23O~. The 
annual precipitation is between 500 and 550 mm/m2, with maximum 
rainfall in summer and minimum in winter. The water resources 
are rather restricted. That is determined by the loess surface 
layer and the limestone layers, which quickly absorb water. 
Except for the Danube, there are no surface waters. 
The fertile soils are the most precious natural resource 
of the region. They create very favorable conditions for the 
intensive development of agriculture. 
NATIONAL REQUIREMENTS AND BASIC FUNCTIONS 
IN THE DEVELOPMENT OF THE REGION 
Proceeding from the above overall characteristics, the 
further social and economic development of the region must be 
realized on account of national criteria and requirements and 
local potentials of the territory and the specific natural geo- 
graphic conditions and resources. 
One of the most important national requirements is the ef- 
fective utilization of the territory of the whole country and of 
the region, in particular, as well as the decreasing of migra- 
tion to optimal rates, development of an efficient economy and 
optimal use of the natural, material, and human resources of 
the region. Another significant task is the establishment of 
optimal conditions of labor, living, recreation, migration and 
services for the population as regards not the present but the 
future needs of the people. Those needs must be satisfied on 
the basis of the most progressive technologies in all spheres 
of human activities. To bring national requirements in accord 
with local conditions and resources, these should be directed 
towards: the discovery of the territorial potentials, the op- 
timal match between the branch and territorial concentration and 
specialization of economics, the construction of a unified tech- 
nical and social infrastructure and the improvement of the re- 
gion's settlement network. 
In accordance with these tasks and based on natural condi- 
tions and resources, the transport-geographic situation, and the 
level of social and economic development, the basic functions of 
the region are determined: 
1. agricultural function; 
2. transport-communication function; 
3. industrial function, connected with using the 
Danube's potentials; and 
4. industrial function connected with the further 
development of industrial activities that are 
traditional for the region, for instance; 
machine building, computing equipment, light 
bulbs, souvenirs, etc. 
The exact trends and requirements for the development of 
those functions by means of a correlation between national and 
local criteria and requirements are determined as follows. 
AgricuZturaZ Function 
By the development of those functions in perspective, we 
aim at revealing the possibilities for a rational use of the re- 
sources available in the region: land, production capacities, 
using of other countries' achievements, to develop a perfect 
agriculture with a complete production cycle on the principle 
"land-product". 
The main strategic trend in agricultural development is 
grain production and stock breeding. In the area of grain pro- 
duction, specialization will be accomplished with a further im- 
provement of crop production at the regional level. This will 
create conditions for planting large homogeneous crops-an im- 
portant condition for the application of industrial methods and 
technologies on worldwide level and the use of highly productive 
techniques. 
In the field of stock breeding, specialization is oriented 
towards cattle and swine breeding. Most important is milk cow 
breeding and the fattening of male calves. The increase of the 
number of cows will be achieved by means of intensified repro- 
duction and import of highly productive breeds from other 
countries. 
The development of the agricultural function of the future 
will be accomplished under the conditions of an improved utiliza- 
tion of land resources in the region by means of increasing the 
quantity of arable land and the coefficient of utilization. The 
production of milk and meat will be done by means of modern 
technologies, with consideration of international market require- 
ments. 
The Transport-Communication Function 
The presence of the Danube and the favorable geography and 
transportation of the region make this function a priority in 
the future, though now it is underestimated. At the moment, the 
water, auto, railway, and air transport is insufficiently de- 
veloped. 
The water transport is not of a great significance at pres- 
ent, both for the region and for the country. The Silistra har- 
bor is insufficiently equipped. The continuous cargo-exchange 
along the Danube, the small distance between Silistra and the 
Soviet harbors, the future construction of the Rhine-Marne-Danube 
canal, and the construction of industrial works located on the 
Danube for import of raw materials and export of products to the 
East and to the West--are the premises for a rapid development 
of water transport. 
The railway transport satisfies the necessities only of the 
region and does not possess a well-developed national function. 
The construction of a port complex in the Silistra region and the 
improvement of the railway network in northeastern Bulgaria will 
increase the significance of the railway transport and it will 
receive important national functions. 
Thus, by means of the water transport, connected with rail- 
way and auto transport, favorable conditions will be created for 
the activation of regional development. 
Industrial Function Connected w i t h  Using the Danube 
The northern boundary of the Silistra region is connected 
with the Danube. At present, it does not significantly affect 
industrial development. That is why, when evaluating future pos- 
sibilities of the territory for the location and development of 
various industries, that 6act must also be considered. 
It is possible to establish plants whose functioning is 
connected with the import of goods by ship, the using of the 
Danube waters for technological purposes, and the export of na- 
tional as well as regional products for the countries of Central 
Europe and the Soviet Union. 
The construction of a great forest-industrial complex in 
Silistra has already begun. It is built on wood imported from 
the Soviet Union. It will use huge quantities of water for its 
production, and part of its production will be exported on the 
Danube. 
The possibilities for location of other industries are also 
being investigated. 
Industrial Function, Connected w i t h  the Further Development 
of Traditional a n d  Experimental Activities 
The industrial manufacturing is realized, at present, in 
39 plants of central subordination and 1 1 .  of local subordina- 
tion. The structure, concentration, and specialization of those 
works meet the requirements of international standards. The pro- 
posals for industrial development made by various ministries fur- 
ther developed the historically formed specialization, structure, 
and concentration of production in practice. 
The industrial production must progress in accord with the 
following strategic trends, determined by means of matching the 
proposals of central department authorities to the local territo- 
rial requirements: 
-- computers and duplication equipment; 
-- aggregate cutting and large-scale metal-cutting 
machines ; 
-- mechanical toys; 
-- production of consumer goods and food and wine 
industry. 
Computer and Duplication Equipment 
These have the greatest prospects for further development 
in the following directions: production of electronic calcu- 
lators, electronic cash registers, minicomputers, copying and 
duplicating equipment, printing plates, electronic watches, etc. 
With a view to the improvement of the structure of management 
and production, it is useful to differentiate among three plants 
with the following specializations: 
-- a plant producing computers; 
-- a plant for copying and duplication equipment; 
-- a plant for printing plates. 
The activities of those plants will be coordinated by eco- 
nomic plans. 
Mass cutting and large-scale metal-cutting machine production 
The machinery industry of the region is concentrated in 1 1  
plants. The small scale and variation of production hinders the 
modernization in this branch and necessitates restructuring of 
the existing production programs. 
It is useful to accomplish concentration and specialization 
of production by centering production in three places: 
-- metal-cutting machines in the region of the city 
of Silistra; 
-- agricultural machine building in the region of 
Dulovo ; 
-- utility machine building in the region of 
Tutrakan. 
The number of machine-building works will be significantly 
reduced and combining of plants will be made according to the 
requirements of technical progress and international practice. 
Mechanical Toys 
The production of mechanical toys is a characteristic link 
in the specialization of industrial production in the region. 
The prospects for this region are based on the tradition and 
professional experience of the population and it will be de- 
veloped in the city of Silistra. 
Consumer Goods 
At present, consumer goods are produced by 1 1  plants, 
located in a large number of settlements and grouped into two 
combines. According to the economic plan, a significant part 
of the basic production will be transferred from Silistra to 
other cities to employ free manpower and favorable living con- 
ditions. 
PROBLEMS OF THE DEMOGRAPHIC AND SOCIAL 
DEVELOPMENT OF THE REGION 
The economic development of the Silistra region has af- 
fected and will further affect the social sphere. The 
discrepancy among the rates of development of industry and 
transport, as well as the rapid implementation of mechanization 
in agriculture have brought about migration processes. They 
are characterized by the following specific features: 
-- population emigration towards other regions of 
the country; 
-- internal migration to the towns of the region, 
mostly towards Silistra. 
This migration mechanism has participated in the forma- 
tion of the demographic characteristics of the population in 
the region. There are areas of population growth with a normal 
age structure. Such areas are: the region of Silistra-- 
Kalipetrovo and Aidemir; the region of Tutrakan and the region 
of Dulovo. At the same time, there are regions where popula- 
tion is decreasing with abnormal age structure. 
Those migration processes have been significantly 
influenced by the predominant localization of industry in the 
Silistra region, which has caused: 
-- creation of policies for the restriction of mi- 
gration within the region as well as outside 
of it; 
-- population stabilization by increasing produc- 
tion and service functions; 
-- improvement of the regional road network, organ- 
izing bus transportations for passengers between 
cities; 
-- improvement and modernization of existing hous- 
ing and building new housing of high quality, 
mostly in the poorly developed centers of settle- 
ment systems, such as Glavinitsa, Sitovo, 
Sredishte and Alfatar; 
-- establishment of a unified complex public ser- 
vice system--trade, health, education, culture, 
etc. ; 
-- development and realization of a series of 
enterprises for sanitation and urbanization of 
the settlements in the region; and 
-- establishment of objective premises for the 
equalization of the conditions of labor, dwell- 
ing, public services and recreation in the 
villages and towns of the region. 
CONCLUSION 
The solution of the problems and tasks set for the 
Silistra region cannot be achieved without application of 
objective methods and contemporary techniques. 
Problems similar in character and possibilities for their 
solution exist in other regions of the country, as well. This 
allows the cooperated research activities between our country 
and the International Institute for Applied Systems Analysis, 
in Austria, to be transferred over a wide territorial scope. 
Thus, the local results, which will be obtained for the 
Silistra region, acquire substantial significance in two ways: 
1. On the basis of the system of models for an 
integrated development of the Silistra region, a 
project will be worked out immediately directed 
towards practical implementation. 
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BASIC DEVELOPMENT PRINCIPLES OF 
A HUMAN RESOURCES MODEL FOR THE 
SILISTRA REGION 
Nikolai Naumov 
INITIAL HYPOTHESES AND CRITERIA 
Population growth must correspond-to the foremost objec- 
tive--further stimulation of the regional econ~mic growth, 
which is, after all, the premise for continuous growth of pros- 
perity. That must be the background for determining criteria 
of "optimal" human resources growth comprising the demographic 
development and some basic qualitative characteristics of the 
people. Hence, the general formulation of the optimum cri- 
terion might be presented as follows: "The manpower needs are 
satisfied on account of the expected growth as regards total 
number, professional and qualification structure, and terri- 
torial sector distribution." 
A broader concept of the demographic growth places the 
demographic model in relevant links and interrelations with the 
models of economic growth and social progress of communities. 
On this basis, a complex system of undertakings in the total 
economic and social policy for the regional development may be 
analysed. 
The population growth of the region as a whole must be a 
basis and background for the solution of the optimum problem, 
without ignoring its territorial position on the level of "Settle- 
ment systems." With regard to the meeting of manpower neces- 
sities, the requirements concerning age-sex structure by main 
production sectors are also of importance. This is of a parti- 
cular significance for agriculture, where strong tendencies to 
unfavorable structure formation are observed. 
Given a solution to the problem of manpower supply, with 
numbers based on population growth, we might be confronted with 
the fol'lowing basic situations: 
-- demographic growth with tendencies above the op- 
timum; 
-- denographic growth with tendencies below the op- 
t imum ; 
-- demographic growth with tendencies close to the 
optimum. 
It must be assumed that there exist no reasons for con- 
ducting demographic policy differing from the-one which is 
designed for the whole country--accelerating the rate of 
demographic growth by means of a system of enterprises for 
encouragement of births and decrease of mortality. 
In all situations, the achievement of the optimum must be 
realized on the basis of a purposeful migration policy concern- 
ing combinations of the following ideas: 
-- attraction of in-migrants; 
-- out-migrants stimulation; 
-- essential restriction of migrations. 
It is clear that the migration problems ic the regional 
policy are not solved by migrations from the region or towards 
the region. There also exist problems of intraregional migra- 
tion, for instance, migration among the settlement systems 
within the region, as well as problems of daily labor commuting 
within a region and between the regions. Migration policy de- 
cisions cannot be obligatorily connected only with the number 
of the constant population of the region and its settlement sys- 
tems. Those are problems of a search for optimal decision, 
rendering an account of the possible changes in age-sexual 
structure of the constant population and the eventual conse- 
quences of population reproduction and labor resources in 
perspective, generally speaking, to the possibilities for 
achievement of the desired results, etc. 
In this case, there is an increased significance of a 
selective migration in accordance with the satisfaction 
of requirements for manpower with professional qualifications, 
education, and other characteristics. 
The optimization of demographic growth, mainly in terms 
of meeting manpower needs, is related to the determining of 
those needs in a sector-territorial and professional- 
qualification aspect. That requires a purposeful education pol- 
icy, on the basis of the regional and national education systems. 
In this connection, the problems arise of youth professional 
orientation and the development of an education network in the 
region and in other regions. Those problems must be solved on 
the basis of prognoses about the number and structure of the 
necessary manpower in a sector-territorial aspect. That might 
also be the background for solution problems of manpower supply, 
of the development of all branches of social and economic life, 
of the distribution and redistribution of manpower, requalifica- 
tion, qualification improvement, etc. That is why the indicated 
pronoses take a central position in the uniform model for popu- 
lation growth in the region. 
The maintaining of a constant demographic growth depends, 
to a great extent, on the designed economic and social develop- 
ment of the region, which must take account of human resources 
available in the region. The provoking of large migrations and, 
in particular, the need of attraction of a higher number of in- 
migrants, is connected with great expenses and difficulties of 
a varied character. It might reflect the age-sex structure of 
the population and the character of its growth in perspective, 
in the region under study, as well as in a series of other re- 
gions of the country, with which an interaction might be estab- 
lished. The variations of the optimum in time must also be 
considered and they should not be great and sudden in order to 
be realized without substantial difficulties and expenses and 
without creating problems to other regions. It is very important 
for the regional structure to be able to establish conditions 
for male and female work, taking account of the high degree of 
the employment of women in the country related to the maximal 
utilization of human resources. The purposeful policy of a 
greater or smaller activity rate for pensioners is also impor- 
tant and might make solution of the problems easier. In general, 
the demographic optimum may be achieved and successfully main- 
tained, when the planned economic development takes account of 
the character and reproduction of population and labor re- 
sources. That is of particular importance in countries like 
Bulgaria, where, in essence, there exists full employment of 
active population. 
The complete development of a human resources model could 
not be realized under the now existing statistical information, 
but it should be mentioned that in broad lines the realization 
of such a model is possible. The fact that the number of the 
population in the Silistra region is only 180,000 persons, 
90,000 of them active, is favorable. Under the existing admin- 
istrative-management structure and administrative apparatus, 
without any significant difficulties and expenses, some addi- 
tional information might be collected. Such an initiative will 
be particularly useful as regards the work done for the develop- 
ment of an integrated system for social information in the coun- 
try that might render assistance in the development of and ex- 
perimentation with information models in accord with the infor- 
mation necessities of application of more thorough prognosis 
models. 
SOME BASIC CHARACTERISTICS OF THE DEMOGRAPHIC GROWTH 
AND ECONOMIC ACTIVITY OF THE POPULATION 
OF THE SILISTRA REGION 
General characteristics of the population growth and its 
economic activity might contribute to the motivation of the 
presented approach for modelling the population growth in the 
region. However, it will be useful to relate these character- 
istics to those of the Northeastern region of the country, to 
which the Silistra district belongs. 
The Northeastern region as a whole, as well as the 
Silistra region, has a natural growth in population, signifi- 
cantly exceeding that of the country as a whole. The aver- 
age annual birth rate for the region during 1972-1976 was be- 
tween 16.5 and 19.4 per 100 people and the natural growth in 
population varied between 8.0 and 9.4% during the same period. 
During the same period, in the Silistra region the annual birth 
rate varied between 17.3 and 20.7 per 100 people, and the natu- 
ral growth of the population between 7.1 and 11.9%. It must be 
mentioned that during this period significant fluctuations in 
the birth rate take place, as happens in all other regions of 
the country. This is due to the introduction of a series of 
undertakings to encourage population growth since 1967. 
Considering the period of the last three population cen- 
suses (1956, 1965, and 1975), we may point out the high total 
population growth in the Northeastern region, which is signifi- 
cantly higher than that in many other regions and in the country 
as a whole. 
In 1975, the population increased by 18.6%, compared with 
1956, and after 1965 the growth rate gradually decreases. As 
for the Silistra region, a lagging behind in this growth is ob- 
served, and its value is 7.5% in 1975, as compared with 1956. 
The population age structure during 1956-1975 shows an ag- 
ing tendency from the top and from the bottom of the age pyra- 
mid. When comparing the Northeastern region with the rest of 
the country, it must be mentioned that this aging process is 
rather less intense, and as concerns the population of Silistra 
region itself--the Frocess is far less intense. Here the popu- 
lation under 20 is about 35% of the total, and the population 
more than 60 years old is only about 12%--indices which present 
the regional population as still young in age structure. 
Those of reproducing age in the Northeastern region as a 
whole and those of the Silistra region during the period con- 
sidered, grow in number, at the same rate as the population as 
a whole. Their number is 25-26% of the total population. The 
same is valid for the population aged from 16 to 60 and 
representing the basic manpower resource; its number remains 
60 to 62% of the total population of both the Northeastern re- 
gion and Silistra region. 
The population growth rate in the Northeastern region and 
in the Silistra region as compared with the growth rate in the 
whole country exhibits a high natural growth. Under those cir- 
cumstances, the population grows with increasing possibilities 
as regards reproduction potential and labor resources. The age- 
sex structure of the population and fertility of families are, 
gnerally speaking, among the most favorable in the whole coun- 
try. Thus, they create premises for maintaining a comparatively 
high demographic growth. 
The Northeastern region is developing with a negative migra- 
tion balance, on the whole. Only one of the districts in this 
region--the Varna district--is continuously growing with a pos- 
itive migration balance. The Russe district during the recent 
years had a positive migration balance and in earlier years a 
negative migration balance. The Silistra district and all the 
remaining districts, except for the two mentioned above, are 
continuously growing despite a negative migration balance. It 
must be mentioned that, during the period 1972-1976, the migra- 
tion balance of the Silistra region covered 17% of the total 
negative migration balance in the region (its population was 
9.9% of the total population in the Northeastern region at the 
end of 1975). 
The analysis of migration shows that the basic reason is 
people's labor activities. The migration of the economically 
active forces the migration of people depending on them. This 
is valid for the migrations in the whole country, in the 
Silistra region, and in the Northeastern region. 
The labor migration could not be related to the lack of em- 
ployment at all, though such cases exist. According to data 
from the inquiry made in 1975 and including all economically 
inactive persons of employable age, but excluding students, in 
the Silistra district only 0.4% of this category of persons have 
given the reason "lack of suitable employment" (which might be 
considered as a certain kind of unemployment). The migration 
analyses and their relation to economic activity show that the 
wish to out-migrate is not brought forth by the lack of employ- 
ment in general, and to a very low degree by lack of suitable 
employment. The decision to out-migrate is engendered by other 
reasons that are to a degree social-psychological ones. The 
character of social and economic growth creates premises for 
search for other employment, with aspirations for better work- 
ing conditions, better living conditions, higher wages, more cul- 
tural facilities, better services area, etc. Without any inten- 
tion to give details, we would like to point out that the fore- 
seen economic growth of the region under the conditions of a 
purposeful social policy could very easily prevent out-migration 
to a very high degree, at least as far as is necessary to maintain 
the optimum. By the way, that is shown in a series of charac- 
teristics of the population labor occupation in the Silistra 
district. 
In broadest lines, the occupations of the economically ac- 
tive population in the Silistra district by industrial sectors 
(excluding the city of Silistra) in 1 9 7 5  is presented as follows: 
Table 1. Occupation of economically active population by 
sectors ( % )  . 
Areas and main sectors Silistra Northeastern 
region 
Material sector 88.0 34.0 
Non-material sector 12.0 14.0 
Total: 100.0 100.0 
Industry 26,s 28.0 
Agriculture 
Other sectors 
Total: 100.0 100.0 
From the table, one sees that the main part of the econom- 
ically active population in the Silistra district occupied in 
the material sector works mainly in agriculture. Agricultural 
employment in the whole Northeastern region is substantial, as 
compared with the country as a whole (agriculture employed 
28.3% of the population of the country in 1 9 7 5 ) .  
To this end, the structure of the national income is of 
interest, and is presented below in Table 2. 
The structure of the national income by sectors reflects 
to a great extent the occupation of the economically active 
population by sectors. 
The national income per person occupied in material pro- 
duction in the Silistra region is 10.5% lower than in the 
Northeastern region. In this aspect, there are substantial 
differences by sectors, for instance: in industry the national 
income per employed person in the Silistra region is 19.4% 
lower than in the nation, while in agriculture it is 16.3% 
higher, and in all remaining sectors of material production it 
is 9.4%. 
The basic production fund supply per economically active 
person in the Silistra region is 47.1% lower than in the 
Northeastern region. The wage of those occupied in industry is 
6.5% lower, and in agriculture 9.9% lower. 
Table 2. Structure of the national income by sectors ( X ) .  
Main sectors Silistra Northeastern 
region 
Industry 
Agriculture 
Other sectors of 
material production 
Tokal: 100.0  100.0 
In the whole Northeastern region the wages in agriculture 
are 3.4% lower, on the average, than in industry. 
The public service area (education, health, housing 
municipal economy, culture, etc.) in the Silistra region is 
substantially less developed than in the remaining part of 
the Northeastern region. 
To conclude, we may say that under the existing condi- 
tions, there are favorable possibilities to control the 
migrations in order to reach a specific balance necessary for 
maintaining the optimum. It is in the migration policy where 
we must search for radical solutions to population problems. 

HUMAN SETTLEMENT SYSTEMS AS A DEVICE 
FOR DEVELOPMENT AND IMPROVEMENT OF THE 
SETTLEMENT NETWORK IN THE SILISTRA REGION 
M. Devedjiev, N. Grigorov and 
A. Atanassov 
All functions connected with "labor", "dwelling", 
"recreation", "public service" and "migration" are realized 
in the settlements in the Silistra region. The regularities 
in settlement number variations and population number 
variations clearly testify to the changes in their economic 
settlement-formation background. This would be the principle 
of development of models for improvement of the regional 
settlement network. Here, the regularities in industrial 
and agricultural changes, the development of the third sector-- 
public services and the demographic processes accompaning them 
--must be considered. 
The retrospective analysis shows that the appearance of 
settlements in the region may be related to different historic 
periods. The city of Silistra, for instance, appeared in 
historic records during the first century A.D.--the Roman 
epoch by the name of Durostrum. During the period of the 
first and second Bulgarian kingdoms (X, and XIII, and XIV 
centuries A.D. respectively) it existed under the name Drastar. 
Throughout its nineteen centuries of existence, Silistra has 
been fulfilling substantial military-defensive functions and 
was known as an outstanding fortress in that region of the 
Balkan pen insu la .  S h o r t l y  a f t e r  t h e  L i b e r a t i o n  of  Bu lga r i a  
i n  1878, t h e  town s t a r t e d  g r a d u a l l y  l o s i n g  i t s  m i l i t a r y -  
d e f e n s i v e  f u n c t i o n s  and because of poor economic growth,  it 
s t a r t e d  d e c l i n i n g .  
Another a n c i e n t  town, founded d u r i n g  t h e  e x i s t e n c e  of 
t h e  Roman empire,  is  Transmariska,  now named Tutrakan.  The 
name of  t h e  v i l l a g e  K a i n a r j a  i s  a l s o  h i s t o r i c a l l y  recorded  i n  
connec t ion  w i t h  t h e  peace t r e a t y  between Turkey and Russ ia ,  
s i gned  t h e r e  i n  1892. 
Almost a l l  remaining s e t t l e m e n t s  w e r e  begun du r ing  t h e  
second h a l f  of  t h e  V I I I  c e n t u r y  and t h e  f i r s t  h a l f  of t h e  
I X  cen tu ry .  They may b e  c h a r a c t e r i z e d  mainly as a g r i c u l t u r a l  
and s tockbreed ing  s e t t l e m e n t s  and t h e y  have i n f l u e n c e d  t h e  
s t r u c t u r e  of  t h e  s e t t l e m e n t  network i n  t h e  r eg ion .  
STATE OF THE SETTLEMENT NETWORK I N  THE SILISTRA m G I O N  
I n  1975, t h e  number of  s e t t l e m e n t s  i n  t h e  r e g i o n  w a s  116, 
c o n s i s t i n g  of 4 towns and 112 v i l l a g e s .  On an  average  t h e r e  
a r e  4.0 s e t t l e m e n t s  p e r  100 km2,  which i s  below t h e  average  
2  d e n s i t y  f o r  B u l g a r i a  of 4.6 s e t t l e m e n t s  p e r  100 km . Thi s  
t e s t i f i e s  t o  t h e  compara t ive ly  h igh  deg ree  of  s e t t l e m e n t s  
c o n c e n t r a t i o n  i n  t h e  r e g i o n ,  i n  s p i t e  o f  i t s  p l a i n s  and pre- 
v a i l i n g  a g r i c u l t u r e .  
The c i t y  population--82,766 persons  o r  46.9% of  t h e  t o t a l  
r e g i o n a l  popula t ion- - i s  d i s t r i b u t e d  among f o u r  c i t ies .  I n  one 
c i t y  l i v e  about  20,690 persons  on t h e  average .  S i l i s t r a  i s  t h e  
l a r g e s t  c i t y  (-58,197 pe r sons )  and A l f a t a r  t h e  smallest 
(3,250 pe r sons )  . 
The v i l l a g e  popu la t ion  is  93,662 pe r sons ,  o r  53.1% of  t h e  
t o t a l  popu la t ion .  There are 132 v i l l a g e s  and t h e  average  
number of  i n h a b i t a n t s  p e r  v i l l a g e  i s  830 persons .  The l a r g e s t  
v i l l a g e  i s  Kal ipe t rovo  w i t h  6,448 i n h a b i t a n t s ,  w h i l e  t h e  
s m a l l e s t  one i s  Yastrebna wi th  21 i n h a b i t a n t s .  The popu la t ion  
d i s t r i b u t i o n  i n t o  s e p a r a t e  agglomerat ion groups o f  s e t t l e m e n t s  
i s  a s  fo l lows  (see Table  1 ) : 
Table 1. Population distribution in the settlements 
in Silistra region until 1 9 7 5  
Settlements Population Average 
number % number % 
1  2  3  4  5  6  7  
Villaaes 1 1 2  96 .6  1 0 4 3 3 9  59 .4  9 3 2  
1. Very Small ( 0 -200  persons) 1 3  1 1 . 2  1 8 7 6  1 .1  1 4 4  
2 .  Small ( 2 0 0 - 1 0 0 0  
persons) 60 51 .7  3 2 8 8 2  18.7 5 4 8  
3.  Average ( 1 0 0 0 - 2 0 0 0  
persons) 29  25 .0  3 9 7 8 2  22 .6  1 3 7 2  
4. Large ( 2 0 0 0 - 5 0 0 0  
persons) 9  7 . 8  2 3 3 5 1  13 .3  2 5 9 5  
5. Very Large ( 5 0 0 0  or more) 1  0.9 6 4 4 8  3.7 6 4 4 8  
Towns 4  3.4 7 1 4 1 5  40.6 1 7 8 5 4  
1. Very small (below 1 0 0 0 0  
persons) 2  1.7 1 3 1 4 4  7 .5  6 5 7 2  
2. Small ( 1 0 0 0 0 - 3 0 0 0 0  
persons) 1  0.8 1 1 4 2 5  6.5 1 1 4 2 5  
3. Average ( 3 0 0 0 0 - 1 0 0 0 0 0  
persons) 1  0 .9  4 6 8 4 6  26 .6  46846  
Total for Silistra region: 1 1 6  100 .0  1 7 5 7 5 4  100 .0  1 5 1 5  
A characteristic peculiarity of the region is the fact 
that 59 .4% of the total population live in 9 6 . 6 %  of the village 
settlements, while in the remaining 3 .4% city settlements are 
concentrated 40 .6% of the population. 
The average population in one village settlement is 8 3 0  
persons, while in city settlements, it is 17,854 persons. 
39,782 persons, 22 .6% of the population, are concentrated 
in 29 settlements with populations from 1 0 0 0  to 2 0 0 0  persons. 
The average population per settlement of this agglomeration 
group is 1,372 persons. 
In the 3 0 , 0 0 0 - 1 0 0 , 0 0 0  agglomeration group belongs the 
regional center Silistra, in which the largest group of people 
- -46,846 persons--is concentrated. 
The overall evaluation of the regional settlement network 
is directly connected with its agricultural characteristics. 
SPATIAL ANALYSIS AND TENDENCIES OF THE SETTLEblENT 
NETWORK DEWLOPYXNT IN THE SILISTRA REGION 
The settlements are comparatively uniformly distributed 
in the territory of the region, which is attested to by the 
average distance between them--3.0 km. There are several 
regularities in population territorial distribution, according 
to categories of settlements and average distances (see 
Table 2) . 
With the increase of the population number in a certain 
group of settlements, the average distance between them also 
increases, varying with 2.9 km for very small villages and 
7.6 km for very large villages. That is the background for 
the development of the hierarchy of the separate settlements 
of the region. 
In the structural aspect, the settlement network of the 
region may be characterized as polycentric, because its center 
(Silistra) had 26.6% of the total population and 62.8% of the 
town population, in 1975.  This peculiarity of the spatial 
structure has also influenced the development of independent 
settlements possessing their own centers and areas of activity. 
Table 2. Average distances between settlements 
from different categories 
Settlement type Average distance 
between settlements 
1. Very small 
villages up to 200 persons 
2. Small villages from 200 to 1000 persons 2.8 km 
3. Average 
villages from 1000 to 2000 persons 3.0 km 
4. Large villages from 2000 to 5000  persons 4.2 km 
5. Very large 
villages more than 5000 persons 7.6 km 
The intensive development of industry and the rapidly 
increasing manpower necessity in industrial centers brought 
about an intensification of commuting not only within the 
settlements but also between them. 
That was the basis of the differentiation of commuting 
regions (see Table 3) . 
Almost 10% of the region's working population do not work 
where they live. This percentage has been growing during the 
last years and it is indicative of the formation of a 
territorial-industrial complex with specialized functions in 
the whole region. 
The deepening of contacts between the separate settlements' 
population because of a common workplace is further developed 
in the area of public service, and is assisted by the hierarchic 
system of periodic and incidental public service in the field 
of trade, public catering, health, education, culture, sports 
and youth activities, administration, transportation and 
information services. 
Those processes, realized under the conditions of the 
already existing settlement network, helped to a great extent 
in making it homogeneous and initiated the new type of 
settlement formations, called settlement systems. 
The newly created housing and public service funds, as 
well as the level of public service organization, contributed 
to the development of this process (see Table 4). 
Table 3. Commuting till 31.XII.1975 
Settlements towards which daily Number of Number of com- 
labor commuting is made exit sett. muting population 
1. Silistra 
2. Tutrakan 
3. Dulovo 
4. To the remaining 
19 settlements 
more than 20 5238 
more than 8 350 
more than 8 856 
more than 40 1580 
- 26 - 
Table 4. Available housing till 31.XII.1975 
Settlement system Number of Number of Number of 
dwellings rooms inhabitants 
1. Silistra 18996 51850 68775 
2. Tutrakan 7909 23828 27249 
3. Dulovo 8510 30581 37422 
4. Glavinitsa 4520 14604 16409 
5. Sitovo 3461 11370 10830 
6. Alfatar 2082 6723 6487 
7. Sredishte 2655 7378 8537 
Total for the region: 481 33 146334 175709 
The available housing is in a good condition and has been 
built during the last 15-20 years. There are 3.04 rooms and 
3.65 inhabitants per home, on the average, and those indices 
are satisfactory as compared with those of the whole country. 
The standard of housing supply in the region is as follows 
(see Table 5). Considering the data drawn from Table 5, the con- 
clusion may be drawn that the level of housing supply in the 
regions is comparatively good as concerns national plans for 1990: 
Table 5. Standard of housing supply till 1975 
Settlement system Number of Number of Number of 
dwellings rooms per dwellings 
per 100 1000 in- per 1000 
families habitants persons 
1. Silistra 8 1 711 259 
2. Tutrakan 86 823 269 
3. Dulovo 72 800 221 
4. Glavinitsa 
5. Sitovo 
6. Alfatar 
7. Sredishte 
- 
Total for the region: 82 726 256 
100 dwellings per 100 families and 1000 rooms per 1000 in- 
habitants. Those average indices for settlement systems are 
as follows: 80 dwellings per 100 families for cities, and 
89 dwellings per 100 families for villages. All the above is 
used as a background for determining the tasks of housing 
construction in the region which until 1990 will be mainly 
in its cities. 
The level of planning and organization of public service 
in the settlements (street pavement, water supply, sewers, 
electricity supply and gardens and parks) is rather satis- 
factory, but unevenly provided in the settlements of the 
settlement systems. 
The complex analysis of the entire construction of the 
settlements within the settlement system provides an impetus 
for finding a new approach for their improvement and 
development. 
SETTLEMENT SYSTEMS AS A DEVICE FOR THE IMPROVEMENT 
OF THE SETTLEMENT NETWORK IN THE REGION 
The basic directions for the further social and economic 
development of the region in accord with the leading functions 
of its territory and available resources require the applica- 
tion of qualitatively sophisticated concepts of improvement 
and development of the settlement network. 
The principal characteristics of these concepts are the 
following: 
-- further development of the polycentric character 
in the structure of the settlement network in 
the region; 
-- effective and purposeful utilization of the 
existing housing funds in the separate settle- 
ments of the region; 
-- formation of settlement systems and their labor, 
dwelling and recreation, public service and 
population migration; and 
-- control of interregional migration processes; 
-- organizing regular transport between the settle- 
ments, on the basis of intersettlement public 
transport. 
The r e a l i z a t i o n  of those  p r i n c i p l e s  over  t h e  t e r r i t o r y  of  
t h e  S i l i s t r a  r eg ion  i s  i n  accord wi th  t h e  n a t i o n a l  p lan  f o r  
t h e  improvement o f  t h e  s e t t l e m e n t  systems, t h a t  i s  inc luded  i n  
t h e  Uni f ied  T e r r i t o r i a l  Plan of Bulgar ia .  
I n  t h e  process  of format ion of s e t t l e m e n t  systems and 
assignement of t h e i r  boundaries ,  n a t u r a l  geographic ,  economic, 
s o c i a l ,  t e c h n i c a l  and a d m i n i s t r a t i v e  f a c t o r s  a r e  cons idered .  
The e x i s t i n g  i n t e r s e t t l e m e n t  connec t ions ,  based on l a b o r  
and p u b l i c  s e r v i c e ,  a r e  s t r o n g l y  determined by t h e  d a i l y  
l a b o r  mig ra t ion  of t h e  popula t ion .  
Within t h e  boundaries  of t h e  s e t t l e m e n t  systems, t h e  
problems of l a b o r ,  dwel l ing ,  r e c r e a t i o n  and p u b l i c  s e r v i c e  
a r e  so lved  w i t h  regard  t o  t h e i r  h i e r a r c h i c  l i m i t s  and 
connect ions .  On such b a s i s ,  seven s e t t l e m e n t  systems a r e  
d i f f e r e n t i a t e d  i n  t h e  reg ion:  S i l i s t r a ,  Tutrakan,  Dulovo, 
G l a v i n i t s a ,  S i tovo ,  A l f a t a r  and S r e d i s h t e .  
I n  accord w i t h  t h e  s t a t emen t s  of  t h e  n a t i o n a l  p l a n ,  t h e  
s e t t l e m e n t  systems a r e  c l a s s i f i e d  i n  three groups on t h e  b a s i s  
of t h e i r  economic and s o c i a l  development, popu la t ion  concen- 
t r a t i o n ,  housing funds and problems t o  be so lved  (see Table 6 ) .  
To t h e  f i r s t  type  of s e t t l e m e n t  systems--"Au o r  
"formedw--belong t h e  s e t t l e m e n t  systems S i l i s t r a ,  Tutrakan, 
and Dulovo. There t h e  m a t e r i a l  and t e c h n i c a l  background of 
Table  6. Se t t l emen t  systems u n t i l  1 9 7 5  
Name of s e t t l e m e n t  T e r r i t o r y  Number of Populat ion Type of 
system km2 s e t t l e m e n t s  i n  1975 s e t t l . s y s .  
1. S i l i s t r a  494.6 19 69000 A 
2. Tutrakan 489.3 18 27200 A 
3. Dulovo 547.2  26  37300 A 
4. G l a v i n i t s a  403.5 19 16500 B 
5. Si tovo  259.2 12 10800 C 
6. A l f a t a r  255.9 7  6400 C 
7. S r e d i s h t e  324.5 15 8490 C 
the social area should be further developed, and economics must 
be developed intensively. It is necessary to improve the 
structure of the economy and to use the working population 
efficiently. 
However, there exist essential differences in the spatial 
structure of those settlement systems. The population 
density in the settlement system of Silistra is 139.5 persons 
2 per 1 km , and in its nucleus it is 2354 persons. 
At the same time, those indices for Tutrakan have values 
of: 55.6 persons per 1 km2 (total for the system) and 21 1 
persons per 1 km2 in the nucleus, and for Dulovo - 68.3 and 
190, respectively. 
The formed settlement systems are characterized by high 
industrial production capacity and a high degree of urban- 
ization. Their economic development and environment develop- 
ment requires a purposeful urban policy for each of the 
settlements in the settlement system. 
A settlement system in the process of formation is 
represented only by Glavinitsa, the city third in size. Here 
the problems of the further development of economics concern 
the complete engagement of the system's active population and 
the providing of a more varied production structure. 
The settlement systems, which should be formed in the 
region are three: Sitovo, Alfatar and Sredishte. Their 
population is 25,000 persons and industry is developed to a 
very low degree. 
The most important task of those settlement systems is 
to stimulate the utilization of their territories and settle- 
ments and to create a solid settlement-formation economic 
background. 
The internal structure of any settlement system consists 
of a center (pointed settlement), nucleus (polycentric) and 
periphery. The polycentric nuclei are characteristic mostly 
of the formed settlement systems, while the nuclei of the 
remaining ones are the local centers of the settlement system. 
In the settlement system Silistra, the nucleus consists 
of the town Silistra and the villages Aidemir and Kalipetrovo. 
Those are settlements with small distances between one another 
and particularly intensive contacts. 
The remaining settlement systems are characterized by 
a bilateral internal structure, represented by a pointed 
center and a periphery. In some of the settlement systems, 
which should be formed in future, such as Sitovo and 
Sredishte, the development of two centers is possible at the 
beginning: Sitovo-Dobrotitsa and Sredishte-Kainardja. 
DOMINATING ECONOMIC FUNCTIONS OF SETTLEMENT SYSTEMS 
The system-formation economic background of the settle- 
ment systems is determined according to the trends of social 
and economic development of the Silsitra region and its 
dominating functions in the economy. It is based on the 
already created industrial works and the agro-industrial 
complex with branch farms. 
Bearing in mind the territorial sites of the separate 
branches of the industrial works and the relations among them, 
we may conclude that four lower territorial-manufacturing 
complexes are formed in the region: 
-- Silistra complex: developing machine building, 
forestry, food and wine industry and additional 
manufactures of textile industry, the industry 
for building materials and goods for public 
utility. This territorial-manufacturing complex 
occupies the highest rank in the region, with 
the greatest concentration of basic funds, 
industrial production and employment. 
-- Dulovo complex: developing machine building and 
sreen crop production and additional manufactures 
- - 
of textile and tobacco industry. The complex is 
second in rank and is subordinated to and 
cooperates with the Silistra complex. 
-- Tutrakan complex: developing utility machine 
buildins and additional manufactures of soods 
for pubiic utility and textiles. The complex 
is also second in rank and is subordinated to 
and cooperates with the Silistra complex. 
-- Glavinitsa complex: developing machine building 
and additional textile production. 
According to their territorial scope, the above-mentioned 
four territorial-manufacturing complexes may be identified 
with the settlement systems Silistra, Dulovo, Tutrakan and 
Glavinitsa. The remaining three settlement systems - Sitovo, 
Sredishte and Alfatar tend to specialize in agricultural 
production, which will influence their spatial structure. 
CONCLUSION 
The analysis of the settlement network reveals some 
tendencies in its development, which are specific for the 
region and must be considered in its development planning. 
They are: 
-- Comparatively small settlement systems are 
formed, in which the separate elements-settle- 
ments have small distances between' one another. 
-- Each settlement system has its own dominating 
economic functions, which must be further 
developed and should be directed to a more 
effective utilization of local territorial 
resources. 
-- The settlement systems in the eastern parts of 
the region must be stabilized with settlements 
where agricultural production prevails. 
-- The reproduction of the population in the 
region is realized at a normal rate, but it 
is not uniformly expressed over the territory. 
-- Settlement systems with a spatial structure 
with a pointed center and periphery are 
dominant. 
-- There is well-constructed housing in good 
condition and good public service funds, but 
urbanization should be further developed. 
-- The population tends to stability in cities and 
villages which favors the utilization of all 
settlements in the region. 
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A POSSIBLE METHODOLOGY FOR AN 
ECONOMIC GROWTH ANALYSIS (OF 
THE SILISTRA REGION) 
Murat Albegov 
Case studies such as the one of the Silistra region are 
only part of IIASA's research on regional development. Equally 
important is work done on formulating general methodologies to 
analyze regional problems and on developing consistent systems 
of mathematical models to aid in this analysis. An inherent 
problem of regional modeling lies in the choice that must be 
made between oversophisticcation and oversimplification of the 
poblem description. This choice relates to the practicality of 
the final model. The purpose of the work in the Silistra region 
was to develop operational models that could be used to formu- 
late practical recommendations for future policy decisions. 
PROBLEMS OF THE SILISTRA REGION 
A preliminary list of objectives for the Silistra region 
consists of: 
1. Maximizing regional agricultural production. 
This should involve not only maximizing grain 
and meat production, for which the areas is 
particularly well suited, but also increasing 
the production of local crops (apricots, 
grapes and vegetables). 
2. Developing an irrigation system that helps 
local agriculture to achieve optimal pro- 
duction efficiency. 
3. Developing local industry that complements 
local agriculture. This should include the 
development of some branches of industry 
that have the potential for growth in the 
region and helps balance the demand and 
supply of the labor force. 
4. Maximizing the productive use of labor 
resources in local agriculture, thereby 
restricting rural-urban migration. 
5. Developing a system of settlements and public 
services. Above all, the plan should make 
full use of the existing stock of dwellings 
in the rural areas; it would also involve 
improvements in the road network, the health 
care system, etc. 
6. Developing local agriculture and industry 
such that no serious environmental problems 
result, and creating a recreational area in 
the region. 
Of these 6 objectives, the following three are of primary 
importance: 
-- Maximizing agricultural production. This 
requires the construction of an irrigation 
sys tem. 
-- Restricting rural-urban migration. 
-- Improving the public service system both 
qualitatively and quantitatively to help 
achieve the first two goals. 
STARTING POINT OF THE ANALYSIS 
There are two possible approaches to the analysis of 
regional problems : the " top-down1' and the "bottom-up" 
approaches. These two methods correspond to two different 
sequences of economic analysis. The first is based on the 
assumption that national and interregional problems muste be 
considered first, before planning any regional tasks. The 
second is based on an "internal" viewpoint. This assumes that 
plans for regional economic growth can be based primarily on 
regional factors (i.e. available resources, regional demand and 
so on) with only minimal use of external information. Both 
approaches, however, require a two-way information flow between 
the regional and national levels. This helps assume a consis- 
tenly interactive planning procedure. 
! 'Top-Down" A p p r o a c h  
One of the first systems of models for analyzing future 
regional growth in a planned economy was developed in Siberia 
[ I ] .  It was comprised of the following components: 
a. An intersectoral dynamics model for the country 
as a whole. 
b. An interregional-intersectoral optimization model. 
c. Optimization models for planning program complexes 
and branches of industry. 
d . Regional optimization models. 
The main task of the interregional-intersectoral model in 
this scheme is to determine the optimal proportion of growth 
between regions. This gives a general idea about the future 
role that each retion will play in the total national production, 
employment, etc. Since this model has been published in English, 
it is not necessary to describe in here [ 2 ] .  
The kind of data obtained from the interregional-inter- 
sectoral model is suited for a general analysis of interregional 
development. However, a regional analysis requires more detailed 
date on those sectors of the economy in which growth is expected. 
Therefore, more detailed sectoral models are often needed for 
the analysis of future regional growth. One such model was 
developed by the Council of teh Location of Production Forces 
(CLPF [ 3 ] ) .  The main points of this model are: 
1 .  A l l  s e c t o r s  of t h e  economy a r e  d iv ided  i n t o  two 
groups : 
(i) those  s e c t o r s  f o r  which product  s u b s t i -  
t u t i o n  and product t r a n s p o r t  a r e  important  
problems ; and 
(ii) a l l  o t h e r  s e c t o r s .  
2 .  The s e c t o r s  i n  t h e  second ca tegory  can be included i n  
t h e  model d i r e c t l y .  Those i n  t h e  f i r s t  ca tegory ,  
however, r e q u i r e  an in te rmedia te  s t e p .  Spec ia l  calcu-  
l a t i o n s  need t o  be done t o  der te rmine  t h e  opt imal  
l o c a t i o n  of s e c t o r  e n t e r p r i s e s  i n  t h a t  reg ion .  I n  
a d d i t i o n ,  s p e c i a l  cons ide ra t ion  needs t o  be given t o  
t h e  next  most a t t r a c t i v e  a l t e r n a t i v e  l o c a t i o n s .  The 
purpose here  i s  t o  o b t a i n  a  "change of o b j e c t i v e "  
funct ion  which expresses  t h e  impl ica t ions  of product ion 
change i n  a  p a r t i c u l a r  reg ion .  For example, t h i s  
r e a c t i o n  func t ion  determines t h e  s e c t o r a l  ga in  o r  l o s s  
t h a t  r e s u l t s  from a  given e n t e r p r i s e  l o c a t i o n  i n  t h e  
given region.  
3 .  The marginal c o s t s  of resources  a r e  f r equen t ly  used i n  
t h i s  model. This  assumes, of course ,  t h a t  var ious  
complicated problems have a l r eady  been solved ( t h e  
op t imiza t ion  of a  c o u n t r y ' s  energy balance,  f o r  
example) . I t  is  necessary t o  inc lude  t h e  s t a b i l i t y  
of marginal c o s t s  of resources  d i r e c t l y  i n  t h e  objec- 
t i v e  func t ions  without  a d d i t i o n a l  c o n s t r a i n t s .  
The t a s k  of determining a  b e t t e r  a l l o c a t i o n  of f u t u r e  
growth among regions  can be formulated a s  fol lows:  
A. Predetermined and Known Parameters 
.................................. 
(i) f u t u r e  demand f o r  each kind of product ion 
i n  each region  and t h e  country a s  a  whole; 
(ii) c u r r e n t  l e v e l  of r eg iona l  product ion;  
(iii) p o s s i b l e  l o c a t i o n  of each type  of indus t ry  
and expected c a p a c i t i e s  of t h a t  indus t ry ;  
( i v )  t e c h n i c a l  and economic information on each 
s e c t o r ' s  inpu t ,  ou tpu t ,  c o s t s ,  e t c .  inc luding  
those  f a c t o r s  i n f l u e d  by l o c a t i o n ,  i . e .  p r i c e s  
(iv) technical and economic information on each 
sector's input, output, costs, etc,. 
including those factors influenced by 
locations, i.e. prices, (marginal costs) of 
land, water, power, etc., and 
(v) constraints on the use of resources in each 
region. 
B. Paramters to be Derived 
....................... 
(i) The structure and location of regional pro- 
duction and the resources required for that 
production, with the goal of minimized 
expenditures for production and transportation. 
The linear programming problem can thus be expressed as: 
Interreaional-Intersectoral Problem: 
subject to 
- 1 X, - Bn 
m I 
K 0 ' rml k ' Rrnl I 
K 
K Z om, xm ' 1 Rml 
n 1 
O 5 Xm 2 Am I 
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where : 
m = regions; n = sectors; K = kind of resources; 
Am = vector of maximum available output; 
B = vector of consumption for the country- as a whole; 
oK = vector of consumption of resources (per unit of production) ; 
m 
Rm = vector of maximum available resources; 
1 = a number of plots which linearize the function Z(r); 
K 
= cost of unit of resource (restricted by Rml); 
'ml 
AFmn = average increase of sectoral expenditures in the case of changing production of commodity n in region m; 
Cmn = cost of production; 
*mn 
= location rent; 
N' = number of sectors which are needed in the special modeling 
of their growth and location; 
1 N +,..., N = number of other sectors; 
= variable, which shows production of commodity n in 
Xmn region m; and 
r 
k = variable, which shows utilization in region m of 
ml resource K with the cost related to plot 1. 
This model has successfully been run using data from over 
100 sectors and 50 regions. In other words, there are no real 
practical limitations in the use of this model. 
"Bottom-Up" Approach 
Though the logic of the "top-down" approach seems to be 
very clear and attractive, its practical implementation has 
not advanced very much. Therefore, planners at the local level 
have a choice. They can wait for some important initial data 
from the "top" regarding the volume of production, number of 
employees, etc. Or, they can develop their own approach based 
on an "internal" view of the problem, while still considering 
some general external information (the price system for certain 
commodities, for example). 
If the "bottom-up" approach is to be chosen, a further 
description will have to be done. It should be mentioned, 
however, that most of the proposed models produce the same 
results regardless of which approach was taken at the beginning 
of the analysis. 
OVERVIEW OF THE SYSTEM OF MODELS 
The system of models used to analyze regional problems in 
a planned economy country is outlined below. This system is 
designed to meet the following requirements: 
a. It is detailed enough to prepare meaningful 
options for decision makers. 
b. It should include all the main sectors of 
the regional economy. 
c. It can be used to calculate variations in 
regional growth under different external con- 
ditions, and can therefore assess the conse- 
quences of a change in governmental local 
policy. 
d. It is flexible enough to adapt to alterations 
in model structure and changing external 
information. 
e. It relies on a minimal amount of external 
information for formulating a regional 
development plan. 
The final point is relevant to the planning sequence used. 
One could, for instance, (1) wait for the centrally made 
development plan for the given region, or (2) formulate a few 
better versions and leave until later the coordination of the 
local (regional) plan with plans for economic growth of the 
other regions and the country as a whole. The scheme proposed 
here is based on the latter approach. 
The system of regional models is shown in Figure 1. It 
can be divided into the following four levels: 
m  
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Level I: Choice of s p e c i a l i z a t i o n .  
Level 11: I n t r a r e g i o n a l  l o c a t i o n  problems. 
Level 111: Labor and f i n a n c i a l  ba lance  problems. 
Level I V :  Problems of human s e t t l e m e n t s ,  s e r v i c e s  
and p o l l u t i o n .  
The g e n e r a l  l o g i c  behind t h i s  sequence is based on t h e  
fo l lowing .  On t h e  f i r s t  l e v e l ,  t h e  r e g i o n  i s  cons idered  a s  a  
whole, and a  rough cho ice  of i t s  s p e c i a l i z a t i o n  under average 
c o n d i t i o n s ,  wi thout  i n t r a r e g i o n a l  s p e c i f i c s ,  can be made. I n  
t h e  second s t a g e ,  t h e  r eg ion  i s  d iv ided  i n t o  30-40 subregions  
w i t h  s p e c i f i c  and d isaggrega ted  d a t a  concerning water  and 
energy supply,  q u a l i t y  and p r i c e  of l and ,  and s o  on. This  
l e a d s  t o  a  more p r e c i s e  c o n s i d e r a t i o n  of  i n t r a r e g i o n a l  charac-  
t e r i s t i c s  and, by aggrega t ion ,  b e t t e r  d a t a  f o r  t h e  reg ion  a s  
a  whole can be obta ined .  I f  one i s  t o  use  t h e s e  d a t a  f o r  t h e  
second round of c a l c u l a t i o n  of t h e  t a s k  a t  Level I,  ( s p e c i a l i -  
z a t i o n  of t h e  r eg ion  a s  a  whole) one should c o o r d i n a t e  t h e  
problems of t h e  f i r s t  two l e v e l s .  
I n  a d d i t i o n  t o  t h e  s p e c i f i c  problems of each submodel, 
t h e  main t a s k  of Levels  I11 and I V  c o n s i s t s  of e s t i m a t e s  of 
popula t ion  s i z e .  This r e f l e c t s  t h e  given r a t e s  of s e c t o r a l  
a c t i v i t i e s  and t a k e s  i n t o  account such d a t a  a s :  t h e  l e v e l  
-- t h e  l e v e l  of  s a l a r i e s  and wages of t h e  l o c a l  
employees i n  comparison wi th  t h e  n a t i o n a l  ones;  
-- t h e  l e v e l  of s a t i s f a c t i o n  i n  housing,  s e r v i c e s ,  
e t c . ,  compared wi th  n a t i o n a l  l e v e l s ;  and 
-- a i r  and water  p o l l u t i o n  l e v e l s  i n  t h e  reg ion  
under a n a l y s i s .  
The r e g i o n a l  l a b o r  f o r c e  can be c a l c u l a t e d  r e l a t i v e l y  
e a s i l y  once t h e  r e g i o n a l  popula t ion  s i z e  i s  known. 
The coord ina t ion  between t h e  f i r s t  two l e v e l s  ( I  and 11) 
and t h e  second two l e v e l s  (111 and I V )  i s  e s s e n t i a l l y  coordina- 
t i o n  of t h e  e s t ima ted  l e v e l  of f u t u r e  r e g i o n a l  economic growth 
and t h e  s i z e  of  t h e  l a b o r  f o r c e .  I f  one of t h e  o b j e c t i v e s  f o r  
r e g i o n a l  development i s  t o  main ta in  a  given employment l e v e l ,  
then the models in Level I and I1 should, of course, be seen 
using this value as a constraint. If the region has not con- 
straint on the labor force, then the rate of in- and out-migra- 
tion should be calculated and the reasons behind this migration 
should be determined. The efficiency of the specialized sectors 
in a given region is the principal determinant of the total 
number of employees needed. 
After this general description, it is necessary to describe 
the separate levels in detail. 
Level I - Choice of Specialization 
The purpose of this level of analysis is to generate pre- 
liminary data indicating which particular sectors of the regional 
economy should be developed in order to achieve maximum efficien- 
cy. At this stage, the region is analyzed as a whole. That is, 
the analysis does not reflect any intraregional characteristics. 
Sequence of Analysis 
There are two general stages of analyses in Level I. The 
first step considers various development strategies for each 
sector, and seeks to maximize benefits, subject to some con- 
straints. These constraints on labor, capital, water, etc. are 
not to be distributed on an a priori basis between the sectors, 
and each sector can have a claim on the full amount of resources. 
It is the second stage of analysis that seeks to coordinate the 
development strategies of each sector, and finally, indicates 
the best sectors for future regional specialization. 
Information Needed 
The following information must be provided before the 
models are run: 
1. A decision must be made concerning which pricing 
system will be used. This system is needed to 
estimate both the benefits resulting from local 
production and the losses due to expenditures on 
imports. 
2. A list needs to be drawn up of possible 
commodities that may be produced, given 
environmental and economic restrictions 
(water and air pollution guidelines, the 
availability of labor resources, etc.). 
3. Technical and economic data on each regional 
enterprise needs to be collected, e.g. capital 
investments required, and the amount of raw 
materials, energy and water consumed, per unit 
produced. 
4. Constraints on further regional growth, such 
as limited internal resources and capital 
investments, should be known in advance. 
Relevant economic factors (costs of land, 
energy and water, for example) should also be 
determined. 
Choice o f  t h e  Pr ic ing  System 
Choice of a pricing system plays a central role in this 
analysis because it can so strongly effect the final results. 
There are 4 basic methods used to set prices that are applica- 
ble to this analysis: 
1 . Internal (state) pricing. 
2. International system. 
3. A mixed system (includes 1 and 2) . 
4. A pricing system that includes penalizing 
(for example, for imports from other 
countries). 
There is usually a substantial difference between the 
prices set in an internal system and those set internationally. 
The choice of which system to use thus affects the additional 
profitability or losses involved in the production of a given 
commodity . 
One of the problems here concerns setting price levels that 
are compatible for both industrial and agricultural commodities. 
The principle of achieving the lowest rate of profitability for 
the marginal producer seems to be applicable here. 
Another problem concerns the difficulties of using the 
market clearing price mechanism for the service sector in a 
planned economy country. In many planned economy countries, 
government policy ensures very low prices for services. It 
would be inappropriate to use these deliberately low prices as 
a basis for planning the growth of regional services. 
Therefore, a studied price mechanism should also be used 
if the service sector is market oriented, e.g. oriented toward 
attracting foreign tourists or to acquiring an exchangeable 
currency (demand for services from the local population can be 
determined on the basis of special separate calculations). 
It should be emphasized that some portion of the planned 
development of the service sector (and other sectors) can be 
regarded as being fixed. Consequently, resources can be pre- 
allocated to meet this requirement. 
Another consideration is the extent to which prices will 
change in the future. Two possible methods to determing this 
change are to: 
1. use existing prices for which detailed 
information is available; and 
3. use the results of equilibrium or opti- 
mization models (for example, aggregate 
input-output balance models). 
In the first case, the relative price change of important 
commodities can be accounted for by adjustments in the cost 
components of each commodity. For example, the price for 
energy can be introduced by increasing the energy cost-component 
in the price of a commodity and so on. 
The attractive aspect of the second method is that it 
yields a more homogeneous pricing system. At the same time, 
of course, this makes it necessary to transform aggregate 
prices into unit prices for a particular commodity. 
None of these pricing systems reflects interregional 
diversification costs, however. An approximate measure can 
be obtained using mid-year transportation cost estimates for 
the period under analysis. 
In the Silistra region where production of export commodi- 
ties is important for future regional growth, the following 
approaches can be recommended: 
1. Use of a mixed (stage-international) system to 
set prices with penalties for foreign purchasing. 
International prices should stimulate expansion 
of production for export; the penalty system will 
restrict unnecessary pruchasing from abroad. 
2. The development of the regional service sector 
should be fixed in advanced. 
3. Mid-year transportation cost-estimates should be 
used in the calculations to reflect the cost of 
interregional diversification. 
List of Possible Commodities for Production 
A list of possible regional products needs to be drawn up. 
This list should consist of all commodities that could feasibly 
be produced in'the region, given environmental, demographic and 
economic constraints. These factors must be kept in mind: 
1. The list needs to be exhaustive. 
2. The possibility that the industrial and agri- 
cultural sectors share relatively independent 
subsectors should be thoroughly analyzed. 
The first point allows regional planners to consider all 
possible development strategies. The second point is essential 
for the proper formulation of a sectoral model. All inter- 
dependent sectors need to be analyzed as a single unit, and the 
overall effect of such interlinked sectors should then be 
considered. 
Technical and Economic Characteristics of Regional Enterprises 
Statistics on the basic technological and economi require- 
ments for each enterprise, such as its consumption of energy, 
water or raw materials, are, of course, essential for regional 
planning. The point to be made is that these statistics should 
describe regional enterprises as they will exist in the future. 
This means that average measurements, or coefficients obtained 
from a basic input-output balance are not sufficient. Rather, 
data which reflect technological advance should be used in the 
calculations. 
C o n s t r a i n t s  o n  F u r t h e r  Economic Growth 
Constraints on regional growth are capital investments, 
labor, energy, some raw materials, land, water, and air pollu- 
tion, etc. In this stage of analysis, such limitations apply 
to the region as a whole. Corresponding economic data, for 
example, cost of land, water, etc., can also be averages for 
the region as a whole. 
U s e f u l  Models 
Two different types of sectoral models should be used in 
Level I: 
1. The first type is needed to describe the 
activities of each sector within the region 
under analysis. 
2. The second is used to coordinate the develop- 
ment strategies of each sector. 
The complexity of the first type of model depends largely 
on the number of sectors involved. The one-sector case is a 
continuous-time one-product problem with linear constraints 
and usually a non-linear objective function. If the objective 
function is convex it can be solved by using a linear program- 
ming approach. In the case of interdependence between many 
sectors, the problem is more complicated, due to the additional 
number of constraints involved. 
In both cases, the purpose of running the sectoral models 
is to obtain an "efficiency function." This function expresses 
the effect that use of important limited resources has on the 
development of each sector or group of sectors. In the Silistra 
region, labor and capital can be considered as important limited 
resources. 
If the effect of resource use on sectoral growth is 
known, then: 
C Ei(Cit Li) -+ max , 
7 
subject to 
min 0 5 ci max < Ci < Ci 
- I 
where: 
i = index of a sector or group of sectors; 
Ei = efficiency function; 
Li = number of employees in sector i; 
Ci = capital investments into sector i. 
It is statements (6) - (1 0) that are used to determine the 
optimal sectors for future regional specialization. 
Level I1 - Intrareaional Location Problems 
Goals  
The goals for this level of analysis are to check the 
ability of the region to carry out the sectoral development 
program decided upon in the first level, and to determine the 
optimal location of new enterprises. No longer is the region 
viewed as a single unit. This second objective requires that 
the region be divided into several subregions. In this way, 
the particular features of each subregion may be considered 
separately. 
Sequence o f  Ana ly s i s  
There is a  d e f i n i t e  sequence of a n a l y s i s  t h a t  seems t o  be 
t h e  most e f f i c i e n t  f o r  determining t h e  opt imal  l o c a t i o n  of 
r e g i o n a l  e n t e r p r i s e s .  It  i s  b e s t  t o  c o n s i d e r  t h e  p u b l i c  s e r v i c e  
s e c t o r  f i r s t .  Rec rea t iona l  a r e a s ,  t o u r i s t  f a c i l i t i e s ,  e t c .  
u s u a l l y  need t o  be l o c a t e d  i n  s p e c i a l  o r  even unique a r e a s ,  s o  
t h a t  l and  f o r  t h i s  purpose should be a l l o c a t e d  f i r s t .  A f t e r  
p u b l i c  s e r v i c e s ,  i s  i s  most convenient  t o  d e a l  w i th  a g r i c u l t u r e  
and primary i n d u s t r y  f o r  which l o c a t i o n  i s  n o t  in te rdependent  
wi th  secondary and t e r t i a r y  branches of i n d u s t r y .  
The t h i r d  s t e p  i s  t o  a l l o c a t e  branches of secondary and 
t e r t i a r y  i n d u s t r i e s  among subregions .  This  s t e p  c o n s i s t s  of 
determining t h e  opt imal  l o c a t i o n  of many s e c t o r s  s imul taneous ly .  
Marginal c o s t s  of  land and some raw m a t e r i a l s  can be used i n  
t h e s e  c a l c u l a t i o n s .  
Completion of t h e  t h i r d  s t e p  l e e d s  t o  t h e  c o n s i d e r a t i o n  
of an a n a l y s i s  of  such " a u x i l i a r y "  s e c t o r s  a s  t h e  c o n s t r u c t i o n  
i n d u s t r y ,  t h e  i n t r a r e g i o n a l  t r a n s p o r t a t i o n  network ( i n t r a -  
r e g i o n a l )  and t h e  water  supply system. Growth and l o c a t i o n  
of t h e  " a u x i l i a r y "  s e c t o r s  i s  completely  determined by t h e  
l o c a t i o n  of o t h e r  s e c t o r s .  Although t h e  a g r i c u l t u r a l  and 
i n d u s t r i a l  s e c t o r s  a r e  t h e  main de te rminan t s ,  i n t e r a c t i o n  wi th  
o t h e r  s e c t o r s  a l s o  e x i s t s .  Growth of a  s e t t l e m e n t  system, f o r  
example, can  i n f l u e n c e  t h e  s i z e  and l o c a t i o n  of water  supply 
f a c i l i t i e s .  
In format ion  Needed 
The d a t a  necessary  f o r  t h i s  l e v e l  of a n a l y s i s  i s  a v a i l a b l e  
from t h r e e  sources :  d a t a  a l r e a d y  genera ted  i n  Level I ,  i n t e r n a l  
in format ion ,  and d a t a  from Level I V .  
Level I provides  d a t a  on t h e  growth of each s e c t o r  of 
s p e c i a l i z a t i o n  f o r  t h e  reg ion  a s  a  whole. The i n t e r n a l  informa- 
t i o n  needed i n c l u d e s  subreg iona l  c o s t s  of l and ,  wa te r ,  energy,  
raw m a t e r i a l s ,  c o s t s  of  c o n s t r u c t i o n ,  t r a n s p o r t a t i o n  and s o  on. 
Level I V ,  which d e a l s  wfh human s e t t l e m e n t s ,  p rovides  informa- 
t i o n  on popu la t ion  growth and s e t t l e m e n t  p a t t e r n s ,  and t h e  
corresponding demand for water, energy, and transportation 
facilities. Data from Level IV can also be used to curtail 
water and air pollution, and restrict overconcentration of 
sector enterprises. On the first iteration of calculations 
this information can simply be preliminary estimates from 
experts. On the following iteractions, of course, the data 
are obtained by running the model. 
The models on this level of analysis generate detailed 
information on the conditions affecting enterprise location. 
Such a detailed analysis can lead to a very large probl-em 
description, making it impractical in many cases (agriculture, 
for example) to include time directly in the model. Therefore 
emphasis should be placed further on intraregional problems 
taking into account that dynamics can be considered with the 
help of a time-slice. Such a slice can be made regularly for 
each five-year period, and for each year using the initial 
part of the period under consideration. 
Modeling the intraregional location of activities 
requires that the characteristics of particular sectors be 
taken into consideration. For example: 
1. Is it a one-product or many-product sector? 
2. Is there a substitute for the final product? 
3. Does the problem have a discrete solution? 
4. Is transportation a significant problem for the 
the given sector, and so on. 
For the agricultural sector, which consists of many inter- 
dependent subsectors (for example, crop and livestock production) 
it is necessary to analyze all sectors involving land use within 
one model (e.g. grain cultivation, industrial crops, starchy 
root crops, vegetables, garden crops, and livestock as a con- 
sumer of fodder). This model is not shown here because of 
space considerations [ 4 ] .  Suffice it to say that is a linear 
programming model; and, for an example case of 30 subregions, 
it uses 30 crops, 2 farm types and consists of 3700 rows of 
about 8000 variables (Figure 2). 
Figure  2 .  C o n s t r a i n t s  m a t r i x  s t r u c t u r e .  
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The b a s i c  problem h e r e  i s  how t o  c o o r d i n a t e  t h i s  a g r i -  
c u l t u r a l  model w i t h  t h e  o t h e r  s e c t o r a l  models. The procedure  
desc r ibed  i n  equa t ions  (6) - (10)  can aga in  be implemented: 
a g r i c u l t u r a l  e f f i c i e n c y  a s  a  f u n c t i o n  of c a p i t a l  investment  
and t h e  number of employees needs t o  be  determined.  This  
r e q u i r e s  a  s p e c i a l  series of c a l c u l a t i o n s  i n  which l a b o r  and 
c a p i t a l  investment  va ry  i n  a  complete series of p e r m i s s i b l e  
changes.  
I n d u s t r i a l  s e c t o r s  need t o  be d i v i d e d  i n t o  two c a t e g o r i e s .  
The f i r s t  ca t egory  i n c l u d e s  t h o s e  s e c t o r s  i n  which product  o r  
t e c h n o l o g i c a l  s u b s t i t u t i o n  is an  impor tan t  problem, and t h e  
s e c t o r s  f o r  which t r a n s p o r t a t i o n  c o s t s  can s t r o n g l y  i n f l u e n c e  
e n t e r p r i s e  l o c a t i o n .  The second ca t egory  simply c o n s i s t s  o f  
a l l  t h o s e  i n d u s t r i a l  s e c t o r s  n o t  inc luded  i n  t h e  f i r s t .  
The second ca t egory  can be  inc luded  i n  t h e  f i n a l  model 
d i r e c t l y  because i t s  a c t i v i t i e s  can  be d e s c r i b e d  r e l a t i v e l y  
e a s i l y .  The f i r s t  ca t egory ,  however, r e q u i r e s  a n  i n t e r m e d i a t e  
s t e p .  This  i nvo lves  a  p re l imina ry  run  of  t h e  i n t r a r e g i o n a l  
l o c a t i o n  model t o  determine n o t  on ly  t h e  op t ima l  l a c a t i o n  f o r  
t h e s e  i n d u s t r i a l  e n t e r p r i s e s ,  b u t  a l s o  t h e  nex t  most a t t r a c t i v e  
a l t e r n a t i v e  l o c a t i o n s .  The i d e a  h e r e  i s  t o  formula te  a  s p e c i a l  
"displacement  c o s t "  f u n c t i o n .  This  f u n c t i o n  i s  a measure of 
t h e  i n c r e a s e  i n  s e c t o r a l  expend i tu re s  when t h e  e n t e r p r i s e s  of 
t h a t  s e c t o r  a r e  n o t  op t ima l ly  l o c a t e d .  It can  provide  a  b a s i s  
f o r  making f i n a l  l o c a t i o n  d e c i s i o n s  when a l l  s e c t o r s  a r e  
cons idered  s imul taneous ly .  Example c a l c u l a t i o n s  a r e  shown i n  
F igu re  3 .  
Thus, t h e  i n t e g e r  problem of i n t r a r e g i o n a l  l o c a t i o n  of 
i n d u s t r i a l  s e c t o r s  can be  formulated i n  t e r m s  of t h e  minimiza- 
t i o n  of a n  o b j e c t i v e  f u n c t i o n ,  F: 
s u b j e c t  t o  
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K 
Ymn 'mn 'mn Amn , ( f o r  a l l  m ,  n,  k )  , ( 1 3 )  
( f o r  a l l  m, n,  k )  , ( 1 4 )  
( f o r  a l l  n )  , 
( f o r  a l l  m,  n )  
where : 
m = l o c a t i o n ;  n  = s e c t o r s ;  K = r e sources ;  
- 
Am = v e c t o r  of maximum product ion  c a p a c i t i e s ;  
-K Rm = v e c t o r  of consumption of r e source  K i n  
p o i n t  m which corresponds t o  A 
- m' 
B = v e c t o r  of o u t p u t s  of t h e  r eg ion  under 
c o n s i d e r a t i o n  ; 
-K 
'm = v e c t o r  of  t e c h n o l o g i c a l  c o e f f i c i e n t  of 
i n p u t ;  
K Rm = t o t a l  consumption of  r e source  K i n  
l o c a t i o n  m; 
fm(Ym) = v a r i a t i o n  of expendi tures  of s e c t o r  n  a s  
a  f u n c t i o n  of t h e  s i z e  of product ion  ( o r  
r e s o u r c e s  used) i n  l o c a t i o n  m; 
K K 
v m ( R m )  = c o s t  o f  r e source  K a s  a  f u n c t i o n  of  t h e  
s i z e  of consumption i n  l o c a t i o n  m; 
-K S m ( Y m )  = agglomeration economy i n  t h e  c a s e  of j o i n t  
c o n s t r u c t i o n  and e x p l o i t a t i o n  of e n t e r p r i -  
ses i n  p o i n t  m, a s  a  f u n c t i o n  of t h e  amount 
of consumption of r e source  K i n  l o c a t i o n  m; 
-K 
'm 
= v e c t o r  of opt imal  a l l o c a t i o n  of r e source  K ;  
- 
Zm = v e c t o r  of i n t e n s i t y  of u se  of  maximum 
c a p a c i t y  Am. 
In problems ( 1 1 ) - (1 6) economies of scale are expressed as 
a function of size of the resources used and their distribution 
among the enterprises of location m. Within the separate loca- 
tions, economies of scale, S, can be expressed as a function of 
total capital investments, number of employees (wage expendi- 
tures), and the amount of land needed for the jointly located 
enterprises: 
where: 
a, 6, a, 6 = constants; 
K = total capital investments; 
L = total wage expenditures; 
T = amount of land required. 
Although it results in some loss of accuracy, economies of 
scale can also be expressed as a function of a single variable-- 
the consumption of a particular resource (water, for example). 
Diseconomy of scale can also be included in equations 
(1 1 ) - (1 6) , although it would be a function of variables other 
than those in (17). Diseconomy of scale would depend instead on 
such varied factors as congestion, pollution, etc. 
Other S e c t o r s  o f  t h e  Economy 
Other sectors of the economy include the construction 
industry and the transportation and water supply systems. The 
allocation of the construction industry should correspond to 
the location of the centers of new activities. 
Choosing the best way to develop a comprehensive transpor- 
tation network is a much more difficult problem. Special models 
need to be implemented here [5]. 
Estimates of regional growth and the planned location of 
new activities provide a good basis for estimating future water 
demand and developing a water supply model. Calculation of 
total water demand is fairly straightforward, since most of the 
demand is fixed and the rest is population-related. 
The problem here lies in elaborating a water-supply model 
detailed enough to provide necessary information about the 
availability of resources and water costs for different sub- 
regions during different times of the year. Work on this 
problem has already been done at IIASA [6]. 
Level I11 - Labor and Financial Balance Problems 
Goals 
The main objectives at this level are to achieve a balance 
between the regional employment level and the regional labor 
force, and to estimate the ratio of income to expenditures of 
the local population. 
Sequence of Analysis 
Regional migration models play a central role at this 
level of analysis because they provide data necessary for 
estimating regional population growth and, especially, for 
calculating regional labor resources. 
The ratio of income to expenditures is needed to help 
estimate internal capital investments for further regional 
growth. And, because migration rates depend to a great 
extent on the income differentials between regions, data on 
local income can also be used to improve the accuracy of 
regional migration models. 
Given these considerations, the following sequence of 
calculations can tentatively be suggested: 
1. Begin by estimating the income-expenditure ratio. 
2. Run the regional migration model. 
3. Run the regional population model using informa- 
tion from steps 1 and 2. 
4. Use the results of these calculations as a basis 
for estimating the regional labor force. 
I n f o r m a t i o n  Needed 
The fol lowing information,  obta ined  from previous l e v e l s  
of a n a l y s i s ,  i s  needed f o r  c a l c u l a t i o n s  of t h i s  l e v e l :  
1 .  A l l  t h e  d a t a  concerning t h e  growth of s e c t o r s  of 
r eg iona l  s p e c i a l i z a t i o n .  These d a t a  were obtained 
from Levels I and 11. 
2 .  A l l  t h e  d a t a  concerning t h e  growth of t e r t i a r y  
indus t ry .  These d a t a  were used t e n t a t i v e l y  i n  
t h e  f i r s t  i t e r a t i o n  i n  Level I1 and become more 
and more p r e c i s e  from i t e r a t i o n  t o  i t e r a t i o n .  
The fol lowing information needs t o  be used from Level I V  
of t h e  a n a l y s i s :  
1 .  Data measuring t h e  l e v e l  of s a t i s f a c t i o n  wi th  
housing and s e r v i c e s  i n  t h e  region.  
2.  Data concerning t h e  s tandard  of l i v i n g  i n  t h e  
region.  This information can be used i n  t h e  
migrat ion model and can in f luence  t h e  r a t e  of 
in-  and out-migration. 
F i n a l l y ,  some a d d i t i o n a l  information should be prepared 
e s p e c i a l l y  f o r  t h i s  s t a g e  of a n a l y s i s :  
1 .  Data on t h e  p a s t  b i r t h  and dea th  r a t e s  and r a t e s  
of in-  and out-migration i n  t h e  region.  
2 .  The r e s u l t s  of  t h e  survey i n t o  t h e  budgets of 
d i f f e r e n t  groups i n  t h e  populat ion.  
U s e f u l  Models 
An approach developed by A. Rogers [ 7 ]  can be used t o  
c a l c u l a t e  r eg iona l  populat ion growth. This method, however, 
cons iders  f i x e d  migrat ion r a t e s ,  and should be modified t o  
inc lude  v a r i a b l e  r a t e s .  Variable  migrat ion r a t e s  can be 
expressed a s  a  func t ion  of t h e  s tandard  of l i v i n g ,  and reg iona l  
economic growth and i t s  e f f i c i e n c y .  
To calculate future regional migration, a special model 
developed by A. La Bella [ 8 ]  may be used. In this approach, 
the propensity to migrate, qTj, can be expressed as a function 
of the current and estimated future differentials between 
region i and region j: 
where : 
ARij, ACij = current differentials in benefits 
and costs; 
R C Ahij, Ahij = expected differentials in rates of 
growth of income and cost of living; 
x = age group; 
r = discount factor; 
Lx = indicator of differential situation 
of local labor markets; 
Yij = fixed cost of the move. 
From this basic equation, several different models can be 
derived, including some with dynamic and stochastic aspects, 
at varying levels of sophistication and simplicity of imple- 
mentation. In the first test run of this model, two simplified 
versions of the aggregate propensity to migrate were used. 
The first one is linear, and the second one is a constant- 
elasticity function [ 81  . 
Estimates of the regional labor force can be easily cal- 
culated using regional census data stratified by age groups. 
In turn, the labor force estimate and other demographic data 
can aid in estimates of the income-expenditure ratio. 
Level IV - Problems of Human Settlements. Services. and 
Pollution 
Goals 
The goals of this level are not only to find the best way 
to deal with the problems related to human settlements, services 
and pollution, but also to supply important information for the 
migration model in Level 111. This information can be used in 
analyses regarding how the standard of living and the quality 
of lifz influence regional migration. 
Sequence of Analysis 
Depending on the information received from Levels I and I1 
on rural and urban population, all three main topics in this 
level can be analyzed separately. There is some interaction 
between these problems, however. For example, the results of 
running the water and air pollution models can show that a 
given urban concentration is impermissible. In that case, some 
restrictions on urban concentration would need to be taken into 
consideration. Likewise, a municipal system of services can 
also be used by adjacent rural areas. A convenient sequece of 
analysis would be: rural settlements, urban settlements, urban 
service system, rural service system (if not covered previously), 
regional water pollution, and regional air pollution. 
Information Needed 
Much of the information needed for this final stage of 
analysis has already been generated in the first three levels: 
1. Data about the location of the main industrial 
sectors. This information should start from 
the point where industrial growth is first 
estimated. 
2. Projections of regional population growth, by 
age group. This information can be used to 
plan the growth of educational centers, recrea- 
tion areas, and so on. 
3. Data about the growth of the different 
enterprises in the region. This can be 
the basis for water and air pollution 
estimates. 
Additional information needed here consists of the charac- 
teristics of the present settlement system, the public service 
system, and the quality of life in the urban and rural areas. 
The final choice of the best model of human settlements 
will be done jointly with representatives of IIASA's Human 
Settlements and Services Area. A multi-objective optimization 
approach for analyzing urban and rural settlements currently 
seems to be the most promising. The same approach can be used 
for the analysis of infrastructure problems. 
There are two principle model types for analyzing water 
and air pollution problems: models of physical processes 
(diffusion of pollutants) and pollution quality management 
models. The latter is more important. The water quality mana- 
gement model can use either linear programming [9], or discrete 
dynamic programming [ 1 0 ] . 
Results of the water quality model should be compared 
with the results of the water supply model, because water 
dilutants can be used as one of the ways to satisfy water 
pollution constraints. Marginal costs in both models need to 
be equal. 
INITIAL STAGE OF WORK 
The completion of the entire model system shown in Figure 
1 requires a long time. However, practical results are needed 
in a relatively short time. If one agrees that the main problems 
of the Silistra region are agricultural growth, and migration, 
then the following simplified version of the system of models 
can be proposed as a first stage of investigation (Figure 4). 
AGRICULTURE 
CONSTRAINTS 
WATER SUPPLY 
CONSTRAINTS 
RESULTS 
A FLOW OF DIRECT INFORMATION 
--+C-- FLOW OF TRANSFORMED INFORMATION 
 DIRECTION OF COORDlNATlON 
Figure 4. Simplified system of models. 
This simplified version of the full system of models 
consists of only five models: 
-- a regional agricultural model; 
-- a regional industrial model; 
-- a regional water supply model; 
-- a regional labor resource model; and 
-- a coordinating model. 
All of them are taken from the first three levels of the 
original scheme. All these models are close to completion. 
The generalized regional agricultural model (GRAM) has been 
written in draft form and will appear as an official publication 
at IIASA [4] and is now in the firocess of being equipped with 
auxiliary sub-programs. The pilot version of this model for 
the country as a whole in an actual situation in the USSR. 
A number of different types of growth and location models 
currently exist. Among them, there are discrete and continuous 
models, some involving both production and some involving pro- 
duction alone. These models can use either a matrix or a 
network approach, involving one stage or many stages and use 
deterministic or stochastic variables [Ill. Enough work has 
already been done that sectoral analysis should pose no major 
difficulties. However, as was demonstrated before, the analysis 
of sectoral models is only the first stage. All sectors must 
then be considered simultaneously, as shown in (11)-(16). 
The water supply model is operational and is broad enough 
to describe the actual situation in the Silistra region. As 
was shown earlier two simplified versions of the regional 
migration model have recently been tested. 
The main objective with this simplified model is to 
coordinate the decisions of the three special diversified 
models (agriculture, industry, and water supply) with the 
point model of regional migration. A coordinating model, 
identical to the one shown in Scheme 1 may be used for this 
purpose. 
Information Needed 
The preliminary data needed to run this simplified version 
are estimates of the direction that regional specialization will 
take, and estimated regional growth rates. This information is 
simply the characteristics of the region as a whole. 
To complete the cycle of calculations, one needs to have 
the following information: 
-- Amount of commodity production by agriculture, 
and primary and secondary industries in the 
region as a whole. 
-- Growth of tertiary sectors of industry in the 
region as a whole and tentative estimates for 
each subregion. 
-- The number of employees, average cost of water, 
land and other resources for the region as a 
whole. 
-- The economic costs locating economic units in 
various areas in different subregions (cost 
of construction, of energy, and so on). 
-- Technical characteristics of the enterprises 
for all the sectors of the regional economy, 
i.e., demand for water, energy, labor, capital 
investment, and so on, per unit of commodity 
produced. 
Sequence of AnaZysis 
The calculations can start with the agricultural model. 
Before running the agricultural model the first time, one 
needs to know the prices for commodities, limits on capital 
investment, and limits on the use of the labor force, water, 
etc. The results of these calculations should be: the size 
of production of different commodities, consumption of labor, 
water, capital investments, etc., and an aggregated function 
of sectoral efficiency based on the amount of capital invest- 
ments and labor used. 
For a disaggregated function of sectoral efficiency, 
marginal costs may be used (for example, marginal costs of 
land for the location of industrial sectors) . 
After solving the problem of agricultural and industrial ' 
location, it is easy to use the regional water supply model. 
The majority of water demand is known, and the portion deter- 
mined by the population can be tentatively assigned on the 
basis of the first iteration. The results of the calculations 
are limited to marginal costs of the water supply for each 
subregion, and to average costs for the region as a whole. All 
these data are to be used on the next iteration to coordinate 
the solutions of agricultural and industrial models. 
The model of regional labor resources is needed to balance 
the demand and supply of labor resources. The control variables 
are those factors which influence regional migration (see the 
description in Level 111). By changing such indices as the 
number of dwellings per capita, or by altering wage levels in 
the given region and in the rest of the country, one can 
stimulate an in-flow or out-flow of migrants to balance regional 
demand and supply of labor. 
Finally, the coordinating block uses the results of the 
four previous models, and yields more precise data about the 
future growth of regional commodity production. 
CONSISTENCY PROBLEM ANALYSIS 
This system of models is designed primarily to solve the 
problem of regional specialization, with subsequent analysis 
of interrelated intraregional problems. There is a problem, 
though, with the overwhelming number of sectors in the regional 
economy. The following procedure, using input-output analysis 
techniques, can be used to check the consistency of the assigned 
growth of specialized sectors to the growth of other sectors in 
the region. 
Let us assume that for the beginning of the period under 
consideration, a regional input-output model exists such that: 
where 
I = diagonal unit matrix; 
At = matrix of current demand coefficients for 
year t; 
Bt = matrix of investment demand coefficients; 
Yt = vector of final consumption; 
Xt = vector of production of commodities. 
Let us assume that vectors of production and final con- 
sumption are shared, and n = 1,2,. . . , N ~  are the sectors of 
1 1 regional specialization; n = N +I, N +2, . . . , N ~  are the com- 
1 1  modities; and n = N"+I, N +2,...,N are the sectors of 
tertiary industries whose growth is dependent on the size of 
the local population and the average level of income. For 
the year t + T ,  the problem 
has only one solution, because for the full number of sectors 
N one has to know the following figures: 
for n = 1,2, ...IN 1 the figure XtcT = on the basis 
of regional specialization 
solution ; 
1 1 for n = N +1 ,N +2,. . .,N 1 1  the figure Yt+r = 0 because 
these sectors produce only 
intermediate commodities; 
1 1  1 1  for n = N +1,N +2,...N 1 1 1  the figure Yt+r # 0.  This can 
be calculated when the size of 
population and its average 
income are known. 
The coefficients of matrix A can be calculated for the 
first N' commodities as: 
where : 
atf aT, at+t = input coefficients for sector n 1 ( n =  1,2 ,..., N )  for years t, T, T+T 
respectively; 
Bt+T = improvement of input coefficients of 
the existing enterprises in the period 
between years t and t + ~  (in percent 
share) ; 
Yt+T = increase of decrease of commodities 
in the existing enterprises between 
the years t and t + ~  (n percent share) ; 
AXt+T = increase of production of commodities 
in new plants in the period under 
analysis ; 
Xt+T = general production of the commodity 
in the year t + ~ .  
For other sectors forecasts of improvement of the input 
coefficients can also be used. 
ASSESSING POLICY OPTIONS 
As is clear from previous discussions, the results of all 
the calculations can be expressed in two ways. The first is 
in terms of different actions that can be taken (what and 
how much to produce, shere to locate enterprises or housing 
settlements, sho shall benefit from services, etc.). A second 
way of viewing the results is in terms of the expenditures that 
correspond to these actions. Thus, governmental or local policy 
decisions can be assessed on a monetary basis 
The central goal can affect regional growth 
1. The total size of capital investments to the region 
under analysis. 
2. The special regional wage policy designed to 
regulate regional migration flows. 
3. The change ratio between exchangeable currency 
and local currency to stimulate regional pro- 
duction for export. 
Local authorities can influence regional growth by: 
1. Redistributing local budgets in favor of housing 
construction, improvements in service systems, 
etc. 
2. Introducing stringent pollution controls. 
All these factors can be included in the model in different 
ways. They can be included as: 
a. Constraints (as for example, limits on pollution 
or size of governmental capital investments). 
b. Changeable parameters (as for example, the ratio 
between hard and local currencies). 
c. Control variables (as for example, a preliminary 
assignment of low production limits) . 
CONCLUSIONS 
The main purpose of the approach proposed here is the use 
of detailed sectoral models to formulate practical recommenda- 
tions for decision makers. Special methods for coordinating 
the different models are also proposed. The scheme outlined. 
here should be considered as a starting point. In the course 
of its completion, some changes, of course, are possible. 
In general, however, the approach is very attractive because 
is is capable of achieving the desired goals. 
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SCENARIOS IN REGIONAL PLANNING 
It is argued in this paper that the creation of different 
scenarios is a necessary feature of the planning process. Such 
planning scenarios can be developed verbally and be aided by 
sketching as is often done in physical planning. However, ex- 
perience shows that such a procedure is only viable if the 
number of factors to be planned is extremely small. This 
implies that computer-assisted planning procedures become more 
suitable as the number of fundamental dimensions and their dis- 
aggregation increases. 
The economic structure can be seen as one of the planning 
dimensions, the regional structure can be looked upon as an- 
other dimension and the time structure of activities is a third 
dimension. If we make the assumption that the economic struc- 
ture is represented by 30  production sectors, the regional 
structure is represented by 1 0  regions, and the time structure 
by only three periods, the minimal size of a model featuring 
all interdependencies would be 900  variables. It goes without 
saying that if a plan is to guide the development of such a 
system, then it is only possible to construct such a plan with 
the aid of a formal computer model. 
It was often assumed in the early theory of planning that 
such a big planned system must by necessity have one and only 
one global goal function to be maximized, subject to certain 
technological constraints. Analogously, one should make one 
giant model for the whole system and maximize the global func- 
tion subject to the possible variations in the variables which 
can be looked upon as the instruments of planning. 
This attitude can be criticized along at least three dif- 
ferent lines: 
1. It may not be possible to construct an empirically 
reasonable and yet numerically computable model of 
a whole economy with spatial, sectoral, and 
dynamic dimensions. 
2. Policy makers may not be willing or able to state 
their valuations in a form usable for programming 
purposes before they have a feeling for the general 
structure of the consequences of their valuations. 
It is, thus, disputable if valuations can be deter- 
mined before the planning process. Valuations might 
have to be learned through the planning process. 
3. With a spatial subdivision one has to acknowledge the 
possibility of regional, sectoral, or even regional- 
sectoral differences in the opinions on the relative 
importance of goals for the production sectors and 
the regions. 
The first issue is discussed at some length in section 3 
of this paper. One point could, however, be mentioned at this 
stage in relation to it. Most planning models can be given 
quite a concrete and statistically reasonable specification 
when it comes to those constraints which have a clearly tech- 
nological background. This is the case with the resource use 
constraints. Most planning models for an economy contain very 
well-specified constraints on the use of primary materials, 
labor, and other factors of production. One can also specify 
the interdependencies between the sectors with some degree of 
precision. It is, however, rather hard to specify the behav- 
ioral constraints which regulate the activities of the house- 
holds as consumers and other decision makers in the economic 
system. It is thus probable that a model for the planning of 
an economy will be insufficient in terms of the specification 
of behavioral relations. This means that formal constraints on 
the choice of a planning strategy often cannot take behavioral 
constraints sufficiently into account. The way out of this 
dilemma is possibly to generate a large number of alternatives, 
all technologically feasible, but with different behavioral 
consequences and let the qualitative analysis of the politi- 
cians determine which one of these technologically feasible 
solutions to the planning problem should be accepted as a basis 
of implementation. 
The second issue. above makes the claim that valuations are 
in fact developing through the planning process. This has also 
been shown to be true at the psychological level, when people 
have been involved in decision-making experiments. The impli- 
cation of this attitude is the one that policymakers should be 
continuously involved in the use of computerized planning 
models. 
Our suggestion is thus that we should organize a system of 
models, which would be such that they could highlight essential 
decision problems at different levels of decision making in the 
form of scenarios. all consistent within the framework of the 
different models used in the total planning procedure. These 
different scenarios could then be used bv the Bulaarian planners 
as an input into their discussions of the policy-making process 
and possibly lead to a converging set of interesting scenarios. 
THE GENERAL STRUCTURE OF THE SILISTRA CAST STUDY 
ACCORDING TO THE FRAMEWORK OF CONSISTENT SCENARIOS 
As we have concluded in the preceding section it will not 
be possible to create one comprehensive model for the whole 
study of Silistra. It is rather the case that we must design 
an almost hierarchical set of models successively narrowing 
down the planning problem. A comprehensive outline of the 
approach to modeling is given in Figure 1. 
International Demand 
The forecast of international demand from non-Bulgarian 
economies is of extremely great importance for any study at the 
national or regional level for a country with a dependence on 
exports as high as Bulgaria's. The importance of international 
demand must be formulated both in terms of the product involved 
and in terms of countries of import. 
A forecase prepared for the Economic Commission for Europe 
indicates that the following products will face a stagnating 
world market in the 1980s: 
PRODUCT 
MODEL 
KOLAROV 
SYSTEM OF MODELS EXOGENEOUS RESPONSIBLE 
INFORMATION GROUPS OR 
PERSONS 
IMPORT AND 
EXPORT COEFF. PRODUCTION 
NATIONAL DY NAMIC INPUT- OUTPUT CIIOICE OF TECHNIQUES INSTITUTE FOR sac. 
MODEL TO FORECAST GROWTH OF MANAGEMENT 
PRODUCTION AND RELATIVE PRICES PRICES OF 
FORECASTS OF INTERNATIONAL 
DEMAND FROM THE SEV-ECONOMIES 
A N 0  FROM THE MARKET ECONOMIES 
MODEL FOR INTERREGIONAL 
DISAGOREGATION OF NATIONAL 
INPUTIOUTPUT AND CAPITAL/ 
OUTPUT. RELATIONS 
TRANSPORTATION SYSTEM 
I N  FORMATION 
PRODUCTION TRA- ESTIMATES OF CON- 
JECTORY CONSTRAINTS SUMPTION PATTERNS 
INTEGRATED PI~YSICA~AND ECONOMIC PHYSICAL PLANNING 
PLANNING MODEL FOR TI iE SPATIAL DATA 4 EVTIMOV 
ALLOCATION OF INDIVISIBLE PRODUC- 
TION. SERVICE AND HOUSING UNITS 
T q  SUBREGIONS OF  SlLlSTRA TnANSPORTATlON NETWORKS 
1-1 
I I 
b 
LOCATION OF 
PRODUCTION. HOUSE- 
HOLDS AND TRANSPOR- 
TATION NETWORK 
I DET~JLEP MODELO~!MAL~CQGATIPEL PHYSICA~PLANNING I FOR INDUSTRY AND AGRICULTURE b-1 DATA 
TECHNOLOGICAL FORE- 
CASTING AND INNO- 
VATION ANALYSIS 
MODEL FOR FORECASTING OFCOMMUTING 
AND MIGRATION TOIFROM SlLlSTRA PERSONAL TRANSPORTA- 
AND WITHIN THE SlLlSTRA REGION 
BETWEEN SUBREOJONS 
4- INSTITUTE FOR SOC MANAGEMENT 
1 PHlLlPOV ) 
Figure 1 .  Outline of the Interrelations of Models Proposed for the 
Silistra Study. 
Leather  manufactures ;  
Vegetable  and animal f a t s ,  and o i l s ;  
Gra ins ;  
C lo th ing ;  
O i l  r e f i n e r y  produc ts ;  
Tobacco; 
Preserved  f r u i t  and v e g e t a b l e s ;  and 
Footwear. 
I t  i s  obvious  from t h i s  l i s t  t h a t  t h e  produc t ion  and 
e x p o r t  s t r u c t u r e  of  Bu lga r i a  i s  t o  some e x t e n t  concen t r a t ed  on 
produc ts  w i t h  a  slow growth of  world demand. A s  an impor tan t  
example, one can mention tobacco i n  which Bu lga r i a  i s  s t r o n g l y  
s p e c i a l i z e d .  By t h e  end of  t h e  1960s Bu lga r i a  had approx- 
ima te ly  9% of  t h e  whole world market f o r  tobacco.  The demand 
f o r  tobacco has  been growing ve ry  s lowly i n  t h e  1970s and 
s t u d i e s  o f  consumer behavior  i n  t h e  market  economies i n d i c a t e  
t h a t  t h i s  p roduc t  has  a  gloomy f u t u r e .  I t  i s  a b s o l u t e l y  neces- 
s a r y  from t h i s  p o i n t  of  view t o  make i n t e r n a t i o n a l  demand 
p r o j e c t i o n s  f o r  t h e  most impor tan t  commodities c u r r e n t l y  be ing  
produced i n  t h e  S i l i s t r a  reg ion .  These p r o j e c t i o n s  should a l s o  
be d i sagg rega t ed  i n t o  a  set of  d i f f e r e n t  marke t ing  a r e a s  i n  t h e  
wes te rn  market  economies and i n  t h e  SEV economies. I t  would 
a l s o  be a d v i s a b l e  t o  c r e a t e  demand f o r e c a s t s  f o r  some p roduc t s ,  
t h a t  a r e  c u r r e n t l y  - n o t  produced i n  t h e  S i l i s t r a  r eg ion ,  b u t  
which could i n  t h e  f u t u r e  be new f o c a l  p o i n t s  of  i n d u s t r i a l i z a -  
t i o n .  
F u t u r e  T e c h n o l o g i e s  and C h o i c e  o f  T e c h n i q u e s  
Another a n a l y s i s  o f  g r e a t  importance concerns  f o r e c a s t i n g  
of  f u t u r e  t echno log ie s  and t h e  i nnova t ion  of  a l r e a d y  a v a i l a b l e  
t echniques .  This  a n a l y s i s  should be p r e f e r a b l y  t i e d  t o  t h e  
a c t u a l l y  e x i s t i n g  and probable  f u t u r e  produc t ion  s e c t o r s  of  t h e  
S i l i s t r a  reg ion .  This  does  n o t  mean t h a t  t h e  a n a l y s i s  should 
be executed w i t h i n  a  narrow r e g i o n a l  framework. On t h e  
c o n t r a r y ,  one must u s e  n a t i o n a l  and even i n t e r n a t i o n a l  d a t a  t o  
perform t h i s  k ind  of  a n a l y s i s .  D r .  Kolarov has  sugges ted  one 
promising approach t o  such s t u d i e s  [see h i s  paper  i n  t h i s  
volume] . 
The choice of techniques cannot be analyzed without con- 
sideration of available resources and input prices. Such input 
prices must however be generated in some national dynamic input- 
output model which can forecast the growth of production, 
primary resource supply, relative prices of all the inputs and 
the equilibrium rate of interest in the long run. It is thus 
needed to generate the future input-output matrices iteratively 
with a national dynamic input-output model and a model for the 
choice of techniques. The results of this iterative procedure 
are input-output and capital-output ratios for all the sectors 
of the Bulgarian economy for the planning years 1980, 1985, 
1990 and 1995. (See Figure 7.) 
Interregional Trade and Regional Interdependencies 
These national input-output and capital-output coefficients 
must be disaggregated into their regional and interregional 
components. This is primarily needed because the creation of 
regional input-output tables based on actual measurements of 
the flows is extremely time consuming and would require a major 
research effort. Secondly, it is hardly possible to create 
such regional input-output tables also for future time periods. 
We have thus chosen a technique for optimal disaggregation of 
the national input-output and capital-output relations. This 
model, which is described in some detail in the section below, 
uses the national input-output and capital-output matrices as 
a priori organizing information. It also uses information 
about the employment goals for the regions and information 
about the capacities and frictions of the transportation 
system. The model for interregional disaggregation of national 
data then computes the most probable regional and interregional 
input-output and capital-output tables. 
The information about interdependencies between production 
sectors of Silistra and other regions of Bulgaria are then used 
as essential information for a dynamic input-output model for 
the Silistra region. The basic purpose of this dynamic input- 
output model is to forecast consistent and long-term growth 
maximizing structures of production for the Silistra region as 
a whole. The idea is to subdivide the input-output model into 
the following sectors: 
Animal products 
Foodstuffs 
Cash crops 
: 1.  meat 
2. milk 
3. wool 
4. eggs 
: 5. grain 
6. seed 
7. forage 
8. fruits and vegetables 
: 9.  tobacco 
10.  beans 
11.  sunflower 
Agricultural products : 12.  meat products 
13.  milk products 
14.  leather processing 
15.  other food-processing 
industry 
16.  textiles 
17.  other 
Industries 
Households 
: 18 .  machine and metal producing 
19.  wood processing 
20. clothing and footwear 
21. fertilizers and chemicals 
22.  forestry 
23. construction 
24.  energy 
25. water 
26. environmental protection 
27. trade 
28.  communications 
29.  social services 
30. industrial services 
: 31 .  lower education 
32 .  higher education 
Import-Export : 33. other regions in Bulgaria 
34. (SEV) countries 
35. other countries 
To this list should be added two extra sectors of a "dummy" 
character. These two sectors should be used to test the 
overall consequences for the Silistra region of the introduc- 
tion of completely new sectors. 
The division of the households into a group of lower and 
another group of higher education is needed if the problem of 
bottlenecks in the supply of educated people is to be 
addressed. 
This dynamic input-output model requires separate re- 
gional estimates of labor productivity and consumption patterns 
of the households. It also requires certain coefficients from 
the water demand and supply model and from the agricultural 
model. These data requirements cannot be handled at the 
national level for the simple reason that most of the produc- 
tivity variations are reflected in the labor productivities and 
not in the other input-output coefficients. There can also be 
rather large regional variations in the warranted patterns of 
consumption. Finally it seems to be necessary to integrate the 
separate demand and supply models of water, where demand and 
supply are represented as simple input-output coefficient rows, 
in columns of the dynamic input-output model for Silistra. In 
the same way the agricultural models will provide information 
that must be aggregated into relevant row and column vectors 
for the simplified Silistra dynamic input-output model. 
Integrated Physical and Regional PZanning 
The outputs of the dynamic Silistra input-output model 
should be trajectories of production which can indicate the 
economic requiremetns for the spatial planning of the internal 
structure of Silistra as a set of geographically distinct local 
communities. The basic idea is thus to generate a projected 
structure of production in the Silistra region of the future. 
A set of subareas to be used for location of production and 
household units and a number of possible transportation net- 
works to be used as external conditions for the optimality 
analysis of location patterns must then be generated ex- 
ogenously by KNIPITUGA, the agency of regional planning. 
The model for integrated physical and economic planning 
does have to handle indivisible units of alternative networks 
of transportation. The goal function of this model incorporates 
transportation, investments and congestion, and other environ- 
mental costs. This implies that the goal function must be 
non-linear. The model will thus be handling integer-valued 
variables at the same time as it treats interdependencies be- 
tween all the variables. It is also planned to cover a small 
number of construction periods. The basic problem with this 
model is to limit the number of variables to keep the model 
computable. This means that the number of sectors must be re- 
stricted (say 6 sectors including households). This in its 
turn implies that there is a need for a more detailed model of 
optimal location of industry and agriculture with fine divi- 
sions of industry and agriculture into their branches. It is 
not necessary at this level of analysis to use integer vari- 
ables. There is also no need for a specification of the timing. 
This means that the number of sectors can be increased very 
much and it might also be possible to use some nonlinear goal 
functions to express the costs of interactions because of the 
possibility of using the rough physical structure as computed 
in the integrated physical and economic planning model. The 
test of the reasonableness of the spatial pattern of production 
and household location will be tested in an economic model for 
forecasting of commuting patterns and migration between the sub- 
regions of the Silistra region. 
Section 4 will contain a detailed discussion of the 
separate models presented above, and Section 3 focuses on the 
problems associated with hierarchical systems of regional 
models. 
THE GAINS AND COSTS OF A HIERARCHY OF MODELS 
That the socioeconomic system is complex is beyond any 
doubt; the efforts required for a quantitative analysis, in- 
cluding modeling and optimization, are often overwhelming given 
the high dimensionality and the complexity in the coupling and 
interactions among the variables. Moreover, the nature itself 
of the socioeconomic systems is such that they defy, almost by 
definition, a complete and detailed mathematical description. 
To tackle the problems of regional development, there is 
obviously a need to take into account the numerous behavioral 
aspects of the system under consideration; one is therefore in- 
clined to build a comprehensive model, reproducing as closely 
as possible the complexity of the real system. However, the 
use of very complicated and gigantic models has at least two 
serious shortcomings: 
-- in the first place, it becomes more and more dif- 
ficult to maintain a clear understanding of the 
model behavior throughout the model building process; 
-- in the second place, the serious limitation of the 
available optimization techniques as far as high- 
dimensional nonlinear problems are involved re- 
quires drastic simplification of large models, by 
such means as linearization, in order to allow the 
use of linear programming methods. 
This dilemma between simplicity and complexity can be 
solved making use of a hierarchical description of the system 
[Mesarovic, Macko, Takahara (1970)], i.e., building a family of 
models each concerned either with a specific aspect of the 
overall system, or with the behavior of the system viewed from 
a different level of abstraction. This procedure yields a 
hierarchy of low-dimensional models, which, with the use of 
suitable theoretical tools and computational techniques., 
enable one to understand the behavior of the real system through 
the independent (up to a certain extent) analysis of the single 
models. Different optimization procedures can also be applied 
to the different models (from now on referred to as submodels) 
of the hierarchy. 
It is the purpose of this section to present the mathe- 
matical framework for the formulation of the above ideas. In 
doing this, we freely borrow concepts and symbolism from 
Mesarovic, Macko, and Takahara ( 1'970) and Mesarovic and 
Takahara (1975). 
Using Mesarovic's terminology, we can distinguish at least 
five strata, or levels of abstraction, in the representation of 
a regional system: 
-- at the highest level of abstraction (the fifth stratum), 
the region can be viewed as an open entity in a much 
wider international economic system, allowing for a 
description in terms of international trade and 
exchanges; 
-- at a lower level (fourth stratum), the region can be 
viewed within its national system, and the description 
will be in terms of the relationships with the other 
national components; 
-- the third stratum is concerned with the description 
of the regional structure (using, for example, such 
techniques as input-output analysis); 
-- on the second stratum the internal regional structure 
is deeply analyzed, explicitly considering the space 
concept and making use of sectoral models; from the 
planning point of view, resource allocation models 
can be included here; and 
-- the first stratum is concerned with the detailed study 
of the spatial distribution and movements of the popu- 
lation (i.e., migration and commuting). 
There exists, of course, a strong interdependence among 
the different strata; however, such interdependence is in many 
aspects asymmetrical, in the sense that, for instance, the 
functioning of the international market is likely to affect 
very much the behavior of a small region; the opposite is not 
true in any way. In general we can affirm that the behavior of 
the higher strata is conditioning the functioning of the lower 
ones. However, the higher stratum receives feedback information 
about the lower ones, which provide a substantial basis for its 
own functioning. 
It should also be noted that different strata are con- 
cerned with phenomena having different dynamic behavior. As an 
example, we can affirm that in the representation of the region 
within the national system we deal with such variables as the 
interest rate which have a very fast dynamic. On the contrary, 
in the physical planning level, we are concerned with physical 
variables, for instance the structure of a transportation net- 
work, having a strong "inertia" against changes. 
The inclusion, in the hierarchical representation, of the 
dynamical behavior of the different phenomena is of the utmost 
importance for a clear understanding of the reciprocal inter- 
actions. Each phenomenon must therefore be described in terms 
of a frequency spectrum of its time variations, analyzing the 
influence of each subset of frequencies on the dynamics of the 
other phenomena. A discussion of this problem in the field of 
control system design can be found in Lefkowitz, I. (1966); the 
similar problem occurring in the field of regional modeling and 
planning will be the subject of further research. 
Figure 2 provides a pictorial interpretation of the hier- 
archical approach to regional model building. For understanding 
how the system works we must go through all the strata, getting 
more details as we go down the hierarchy, but obtaining a 
broader description and a better comprehension of the system in 
a larger environment as we move up the hierarchy. 
In order to formalize this approach, we must regard our 
model as a functional system S: X + Y, where X is the input 
set and Y is the output set. The starting point for a hier- 
archical approach is the assumption that both the X and Y sets 
can be portioned into components that may be put in correspon- 
dence with each stratum: 
Stratum 1 
Figure 2. Hierarchical Approach to Regional 
Model Building. 
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Thus, each stratum will be represented with the proper map Si: 
where Ci and Fi represent the sets of stimuli originating re- 
spectively from the strata immediately above and below the i th 
stratum. 
A necessary condition for ( 1 )  to be a stratified repre- 
sentation of the system S is the existence of the two families 
of mapping 
representing the interactions among the strata. 
Since stratum 2 is evidently a decomposition of the re- 
ional system into a convenient number of subsystems, we can 
go further in our representation. Let us assume that we want 
to consider n subsystems, the jth of which is a mapping 
where 
'21 : 
set of inouts through which the subsystem S 
2 j 
is coupled with the other subsystems on 
the same stratum. 
The introduction of the interaction variables, coupling 
the different subsystems, is an obvious consequence of the de- 
composition. Therefore, for each subsystem, there must exist 
a further mapping 
which generates the coupling variables. 
Denoting with g2 the uncoupled subsystems and with H2 
the couplings with 
the fol.lowing consistency condition (Mesarovic 1 9 7 0 )  must hold 
for all (m2,y2) E M2 x Y2: 
i.e., for all m & M I  there must exist a unique solution of the 
system 
and it must yield the output y 2 = S2 (m2). 
It should be mentioned that the coupling functions Hi are 
the key elements of the decomposition. In many cases they will 
simply be projection mappings (i.e., the interface will simply 
consist of some of the components of [m ,y I), but they can 2 2 
often be somewhat more complicated. 
Figure 3 pictorially represents this kind of decomposition. 
A particular case arises when only some of the components 
of S2 are explicitly considered. In this case, some components 
of the output y2 will be unknown. Therefore, rather than the 
coupling functions H we should use a kind of interaction if 
function K2i embodying in some way the overall process P, i.e., 

Then, each subsystem can be seen as 
where the interactions are expressed as a function of the 
inputs only. 
Also, in this case, there must hold a consistency condi- 
tion given as 
- 
y2 = S [m K (m )I ++y2 = s ( m )  2 2'2 2 2 2 
with 
Figure 4 shows a pictorial representation of this kind of 
decomposition. 
Figure 4. Consistency and decomposition. 
So far we have neglected any decision-making aspects in 
our representation of the system. Now we have to distinguish 
between decision-making processes based on efficiency criteria, 
and decision-making processes based on a system of values. 
Whereas the former can be included in the model, the latter are 
too closely connected with the identity of the decision makers 
and change too fast to be susceptible of a mathematical formu- 
lation. 
On this basis, it seems that, in the structure depicted in 
Figure 1, the second level is the most suitable for including 
decisional (optimization) submodels as allocation models, 
sectoral optimization models, and so on. 
With the inclusion of decisional aspects, we would have a 
family of decision problems D2(m2i,z ) associated with the 2i 
general component of the second level. The relative map then 
becomes 
where h E r is a solution of the decision problem 2i 2i 
D2i(m2i,z ) .  Moreover, there must exist a further map 0 2i 2i 
such that: 
A pictorial interpretation is given in Figure 5. The 
inputs m and t to the decisional unit D fix the values 2i 2i 2i 
of the parameters and specify which variables must be included 
in the decision problem of S2i. 
I t - .  I 
Figure 5. Decisional units and decompositions. 
'2i can be used as a representation of the "physical" pro- 
cess to be studied, and D2i represents the associated decisional 
unit. The exchanges between the decisional units and the en- 
vironment occur both directly, through the variables m 2it for 
what regards the interaction with the outer environment and the 
other strata, and through the physical process for what regards 
the interactions with the other subprocesses within the same 
stratum. 
We turn now to discuss three fundamental topics related to 
the implementation and use of our hierarchical model for plan- 
ning purposes. In fact, we should specify: 
1. how the model fits in a planning procedure, and what 
kind of reciprocal interactions there can be with the 
decision makers; 
2. to what extent the responses of each stratum to local- 
ised stimuli are themselves localized (in other words, 
to what extent changes in one of the submodels do not 
affect the functioning of the others); 
3. what advantages can be expected by the use of the 
proposed model with respect to the alternative use of 
a "global" optimization model. 
1. A possible scheme for understanding the place of a 
hierarchical model of the proposed type in a planning procedure 
is illustrated in Figure 6. 
Figure 6. The planning system. 
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The input set X to the model is regarded here as the Cartesian 
product of three subsets X1 x X2 x X 3 ' The first subset rep- 
resents exogenous input variables coming from the observation 
of the real world, whereas X and X represent the set of in- 2 3 
puts to themodel coming from the decision makers. Through X3 
the decision makers would specify the value of some of the 
parameters of the model, or request structural modification, 
whereas X represents the set of possible planning policies. 2 
Hence, there is the need of building an adaptive model, able to 
allow partial structural changes in some of its submodels. 
It is quite clear, from the scheme of Figure 5, that the 
proposed model is a scenario-generating model, rather than an 
optimization one, However, since the model incorporates op- 
timization procedures, we can observe that those scenarios 
would be generated under maximum effectiveness conditions ac- 
cording to the characteristics of each subsystem and the 
specification of its effectiveness criterion. 
Therefore, in the whole planning procedure, we would have 
two decisional stages, one mathematically formalized at the 
model level, and the other, more general and more important, 
embodied at the planning authority level and based on an im- 
plicit and not formalized performance index of the whole system 
as perceived by the decision makers. 
The structure of the model is such that there would not be 
any coordination problem in the sense of Mesarovic (1970). 
However, we can expect that the set of values and perceptions, 
which are the basis of the planning authority decisions, will 
change over time. We can also expect that the insight gained 
with the use of the model will effect that change. 
2. It is evident that responses to changes in the stimuli 
Xi will be completely localized in the ith stratum if there is 
no change either in c ~ - ~  or in fi+l. In fact, using (2) and (3), 
an alternate representation to (I), can be the following: 
Therefore, more formally, we can affirm that the response 
of the ith stratum is completely localized if, for any 
(ci, ti) E Ci x Fit 
for any xi and xi in X . i 
A completely localized model would have very little in 
common with the real world. However, the assumption is quite 
realistic that Si be partially localized; i.e., that there exist 
- 
subsets Pi - c Ci, Fi - c Fir Xi - c Xi such that condition (14) holds 
for any pair (c fi) E Ti x F and any xi and x' in Ti.   he i' i i 
identification of those subsets would be of very great importance 
because it would allow the generation of many different scenarios 
without running the whole model again. 
3. We conclude this section by summing up the advantages 
of hierarchical models in the solution of large-scale problems: 
-- the use of a multilevel model structure allows one to 
maintain a clear understanding of the system behavior 
throughout the model-building procedure; 
-- it allows one to reduce the dimensionality of each sub- 
model, so that sophisticated nonlinear mathematical 
techniques can be used; 
-- the study of the interactions arising among the sub- 
models because of the decomposition often leads to a 
good conceptual understanding of the functioning of 
the whole system; 
-- there is no restriction to static models; dynamic 
submodels can be embodied in the hierarchical struc- 
ture, and dynamic optimization techniques can be used; 
-- finally, hierarchical models have a high degree of 
adaptability and flexibility which is of particular 
relevance for planning purposes. In fact, requests 
for structural changes are likely to be frequent to 
keep the model up to date and to keep up with the 
changing views of the decision makers. In this case, 
a hierarchical structure would often allow a localized 
intervention on some submodels, without the need of a 
complete restructuring. 
THE NATIONAL AND INTERREGIONAL LEVEL OF ANALYSIS 
TechnoZogicaZ Development and T e c h n i c a l  Choice 
The problem of technological development basically con- 
tains four stages of analysis. 
The first stage to be considered is the inventive process 
in which genuinely new knowledge is created. The second stage 
concerns the actual preparation of the invention for a produc- 
tion process. The third stage concerns the choice of a dis- 
tinct best set of innovative techniques to be used in the 
economic system from the point of view of minimization of costs 
or maximization of long-run profits. Finally, there is an 
important element which we would call the administrative 
element, and which concerns the actual problem of implementa- 
tion of the cost-minimizing or profit-maximizing techniques. 
We will not dwell upon all these different aspects of 
technological development in this context, although they should 
be discussed at later stages of this project. We will just 
discuss the limited problem of optimal choice of techniques 
from a set of innovations, where the criterion of optimality 
is minimization of long-term costs. Figure 7 outlines the 
basic principle. 
SET OF 
INNOVATED TECHNIQUES 
WHERE h,k = TECHNIQUE (h,k = 1 ,......., K) 
CHOICE OF TECHNIQUES 
k k 
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L 
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Figure 7. Model of choice of techniques. 
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It is relevant to ask if there would exist any p *  such that: 
It is obvious that xi can be eliminated from the system, which 
means that: 
or equivalently with matrix notation: 
which is the common linear eigen-value problem. This can be 
transformed into an eigen-value problem with non-negative 
matric by postulating p as given and equal to p and inserting 
a new corresponding eigen-value A :  
This problem will be solvable for p - > 0 and X > 0 accord- 
ing to the theorem of Frobenius (see for example, Nikaido 1968). 
If the maximal eigen-value X (the only positive one) would 
be less than 1, it would indicate that the rate of interest 
would be too small in the sense that the firms would get ex- 
cessive profits. If, on the other hand, X would be larger than 
1, this would indicate that the economy was running at a loss 
for the sectors, a situation that would be a long-term dis- 
equilibrium solution. Only at a value of X = 1 would the 
economy be in an equilibrium in the long run. The correspond- 
ing value of p would then be the equilibrium real rate of 
interest on capital. 
It is consequently possible to use an iterative scheme in 
which the final solution for p is determined by successive 
changes of p until X 1. This procedure would also make the 
computation possible without any inversion of the matrix B. 
Frobenius's theorem ensures the existence of a unique 
solution for p and a corresponding price-structure p - > 0. 
This means that for any (A,B) > 0 there will exist a unique 
- 
pair (p,p). These prices and the equilibrium rate of interest 
can be used to evaluate the best choice of technique out of 
the rectangular matrices and B~ which are assumed to be pre- 
determined, rectangular matrices of innovated technological 
possibilities. These matrices will consequently be of the 
following form. 
and 
From these rectangular matrices of innovated technologies 
one specific set of techniques expressed as the quadratic 
matrices A, B should be chosen. 
K K 
A technique, like the (aif bi) - column vectors should be 
preferred if the condition: 
where 
Pr j = relative price of commodity j in iteration r. 
The total equilibrium problem can be formulated as the 
problem of finding the solution to the problem 
This can be regarded as a standard fixed point problem or 
a nonlinear eigen-value problem. In either formulation the 
existence of an equilibrium solution can be proved. We thus 
know that it is reasonable to formulate an iterative search 
for a national technical choice strategy and a corresponding 
equilibrium set of prices and rate of real interest to guide 
the allocation of resources among sectors of production. 
The result of the technical choice procedure outlined is 
a consistent set of techniques {aij) and {bij) to be used as 
constraints on the derivation of regional input-output and 
capital-output coefficients {ars) and {bf 1 .  A model for i j 
derivation of such trade and technology coefficients is given 
in the following section. 
T r a n s p o r t a t i o n ,  Trade  and I n t e r s e c t o r a Z  
R e l a t i o n s  Between and W i t h i n  Reg ions  
The formulation of the equilibrium problem in trade and 
transportation is in some contexts based on a purely economic 
reasoning at the micro level. Lefeber (1958) analyzed the 
problem of personal and commodity transportation within such 
a microeconomic framework. The transportation sector is in 
his analysis looked upon as a purely intermediate sector in 
which transportation needs (rather than demands) are seen as 
functions of the location of production and inputs. Trans- 
portation supply is on the other hand seen as an unlocalized 
production of services regulated by conventional, concave, 
always differentiable production functions. The network is 
totally implicit in this kind of transportation equilibrium 
approach. With suitable assumptions about the individual 
utility and production functions for the nontransportation 
sectors, it can be proved within this framework that an equi- 
librium must be such that the difference between FOB- and 
CIF-prices is equal to the marginal costs of transportation for 
each one of the consumer commodities. It can also be shown 
that the marginal value product of each factor must be equal to 
the scarcity rent of the factor of production plus the marginal 
cost of transportation of the same factor. Such a transportat- 
ion equilibrium is a possible but a very restricted definition 
of a transportation equilibrium. One of the most important 
implications is the result that there can be no cross-hauling 
of similar commodities or persons, an implication that is 
grossly at variance with observations at all statistically 
possible levels of aggregation. 
The concept of equilibrium used in this class of model 
should not really be viewed as a microeconomic behavioral con- 
cept. It is rather formulated within the framework of neo- 
classical welfare economics. This kind of model presumes the 
existence of some agent that maximizes a weighted sum of 
utilities from consumption accruing to all the individual house- 
holds. There are no real suppliers of commodities and trans- 
portation, and only production functions act as constraints. 
It has been an argument used in microeconomic studies without 
any global maximization function, that individual consumers 
maximizing their own utility in congested situations on the 
road network will never act in such a way that a Lefeber- 
equilibrium is achieved. Instead of looking at the socially 
relevant marginal costs of transportation, consumers will only 
take into account the average costs of the system. 
It thus seems evident that one can subdivide the equilib- 
rium concepts for the transportation system according to the 
fundamental level of inquiry. A completely micro-oriented 
approach would demand that each user of the transporation sys- 
tem is looked upon as a decision unit located at every instant 
of time on some link connecting some pair of nodes. It must 
also be assumed that the micro decision unit has no incentive 
to change this decision. It seems natural to assume that de- 
cisions can only be taken in the nodes. In order to get a 
global equilibrium of such a micro specified transportation 
network the ex ante- and the ex post-evaluation of equilibria 
at every point in time and space must coincide. 
The Lefeber type of model and thus also most other neo- 
classical transportation models suffers from another weakness. 
It does not have the capacity to handle the production inter- 
dependencies of input-output economies. 
Practical trade and transportation network analysis is 
often performed within the framework of the assignment/ 
transportation model approach. This is a very special variant 
of a Lefeber model. A macro planner is assumed to exist and 
this macro planner minimizes a total cost function (often 
assumed to be linear) with all the trips as arguments. The 
production functions are substituted with quantitative trans- 
portation needs as constraints. The transportation system is 
represented by estimated minimal costs of movement between each 
pair of nodes in the network. If a linear goal function is 
used the transportation pattern regularly turns out to be too 
concentrated as compared with statistical data (Nijkarnp 1975). 
Our approach to the transportation problem is macro 
oriented and yet an equilibrium approach in the macro sense. 
We have taken the dynamic interregional growth and allocation 
model as an a priori organizing principle of the flows in 
space. That model organizes the allocation of production re- 
gionally of the different sectors of production in such a way 
that demands and supplies are equated in the different nodes of 
the network and with a criterion that the rate of capacity use 
will be maximized for any given expectations of growth in 
demand for the products. Alternatively, the model can be used 
in such a way that it maximizes the rate of growth of the pro- 
duction system as a whole. But such an allocation of 
production is not the only a priori information that has to be 
fulfilled by the pattern of transportation. Politicians 
normally require spatial interactions to be such that they are 
consistent with certain political goals. It is common in eco- 
nomically developed societies to require the economic system to 
work in such a way that some politically determined full employ- 
ment level is achieved in each one of the nodes (regions). 
There is also regularly some requirements that the use of the 
transportation system would not be excessively resource consum- 
ing. Such a goal can be expressed as a constraint for the 
whole system or, in a more specified situation, for links 
connecting pairs of nodes. 
We argue that any transportation pattern is in equilibrium 
if it is such that it preserves a balance situation on each one 
of the regionally differentiated markets for commodities, - and 
is consistent with goals like full employment and some given 
-
level of conservation of resources in the use of the network, 
and will not require any further coordination of the flows on 
-
the network. 
One can consequently argue that an equilibrium of the 
transportation system should be such that it fulfills all eco- 
nomic and political requirements, while it distributes the 
traffic over the system in such a way that it requires a mini- 
mum amount of organization at work. We have understood the 
principle of maximum entropy to be such a minimum organization 
principle. 
Another way to argue about the distribution of trade and 
traffic on the transportation system is to assume that the 
market equilibrium, employment and network constraints are 
given and regard the formally observed pattern of transporta- 
tion as the structure that requires the least amount of 
reorganization of decisions. This approach would then define 
the equilibrium distribution of transportation flows to be the 
most conservative in the sense that it gives the minimal de- 
viation of flows from a pattern observed in earlier periods. 
These two principles will give similar results under very 
special assumptions. 
We also assume that the politicians require a certain 
level of employment to be achieved in each one of the regions, 
while they feel completely free to vary the product flows 
between sectors and regions as long as it is consistent with 
full employment. 
Full employment 
r 
n = labor output ratio for sector i, when located in i 
region r 
-r 
s = politically defined level of full employment* 
system should be used in such a way that flows are compatible 
with the design capacity, either as defined at the absolute 
macro level or with respect to the shortest route links between 
pairs of nodes. 
cij = volume of commodity i per unit of delivery to 
sector j 
drs = distance on shortest route between region r and 
region s 
T = distance dependent capacity of transportation 
network. 
We have discussed above principles of equilibria on trans- 
portation and trade networks. It is now time to formalize 
some of these arguments within the framework of a computable 
model approach. To simplify the analysis we will from now on 
assume that the transportation network is given. This means 
that the links on the network and the nodes are predetermined 
both in terms of capacity and in terms of location. What we 
are discussing now is consequently an equilibrium transporta- 
tion and trade problem in a restricted sense. We will further 
assume, although only as an intermediate step, that the pattern 
of location of all kinds of production is predetermined. This 
means that there is a consistency requirement both from the 
output side as well as from the input side of the economy: 
Output balance 
S 1 xrs = aijxj +bij AX'= (aij + b  gs)xS 
11 j I I j Input balance r 
where 
rs 
x = flow of commodities from production sector i, ij 
located in region r to production sector j 
iocated in region s 
93 = expected or planned rate of growth in sector j, 
region s 
r 
x = total production in delivery sector i located in . j 
region r 
T = turnover time for commodity j. j 
The trade-transportation equilibrium model can now be 
formulated in the following way: 
rs 
max : - 1 xi in xf; 
{xrs} ij ii 
subject to : 
Lagrange multiplier 
1 cijxf7 = xrs ; some r, s 
i,j 
'sj 
'rs 
rs The optimal solutions for xij in this problem will be of 
the form: 
which says that trade between sector i in region r and sector j 
in region s expands 
a. if the technological interdependency increases 
between i and j ;  
b. if production located to area r or s of activity i 
-
and j increases; and 
c. if the capacity of transportation on some links or 
the distance dependent transportation capacity 
Icars, trucks, trains, etc.) increases. 
It is obvious that congestion phenomena will occur only 
in certain region combinations which call for inequalities in 
the link constraints. It is probably possible to revise the 
algorithm in such a way that it will be capable of handling 
inequalities in the constraint set. Such an amendment is 
necessary if the capacities of the transportation network 
should be properly represented. 
The result of this model is a nationallv consistent set of 
input-output (ars} and capital-output (brS} coefficients that ij ii 
can be used for interregional dynamic/eco~omic analysis and 
projections. We will not propose to use the interregional 
information in this context. 
It is rather our proposal to use the matrices (a:;} 
rr (b..} plus aggregated import- and export-coefficients for the 
11 
~ilistra region. 
The dynamic order of determination of the variables must 
be observed at this stage. 
As the most stable element of the spatial system we use 
the national transportation network (drs) . It is assumed that 
the basic structure of such a network can be changed only over 
an extremely long time period (say 30-50 years). 
The location/allocation pattern is assumed to be change- 
able within a time period corresponding to 5-15 years. The 
transportation system, when used for trade in commodities, is 
assumed to react almost instantaneously to changes in the net- 
work and the pattern of location and allocation. 
Location and Interregional 
techniques allocation of 
production transportation 
transportation 
network and 
employment goals 
Figure 8. The Silistra dynamic allocation modeling problem. 
It must finally be stressed that the interactions between 
the interregional location/allocation and transportation/trade 
- - - - . - - - - - -  - .  
models should ideally be modeled in a completely interdependent 
pattern, as illustrated above in Figure 8. 
THE SILISTRA DYNAMIC ALLOCATION MODELING PROBLEM 
As concluded in the preceding section, the interregional 
trade and transportation model can produce interregionally 
consistent regional input-output and capital-output coeffi- 
cients. These estimates provide the most essential information 
for a study of the future production and employment structure 
of the Silistra region. To this information should be added 
the important coefficients of labor productivities, or their 
inverses--the labor-output coefficients. It is not possible to 
use the assumption that these productivities are the same 
everywhere in Bulgaria. Ample evidence indicates that labor 
productivities show great and systematic variation among 
regions. The factors of greatest importance to the labor 
productivities are: 
1. Educational background; 
2. Health status; 
3. Vocational training; and 
4. Environmental conditions. 
We have for this reason concluded that there must be some 
separate studies of the effects of health, vocational training, 
and environmental investments on labor productivity in the 
different sectors. It is suggested that the educational di- 
mension is treated differently. It is both possible and for 
planning purposes more reasonable to disaggregate labor into 
at least two labor "sectors"--of high and low formal education 
level. In this way it is also possible to integrate some of 
the important problems of educational supply through schooling 
or migration between regions. 
With the subdivision of labor into two or more categories 
there should be a corresponding subdivision of the households 
as consumers. For each period there is thus a need to estimate 
labor-output coefficients 1 and t ej tCe where 
1 = labor use of category e at time t per t ej 
unit of production in sector j 
and 
tCei = consumption of commodity i by category e at 
time period t per unit of labor. 
In the long run the consumption coefficients must, of 
course, be looked upon as functionally determined by income 
per capita, price structures, etc. 
The demand from other parts of the world as well as demand 
from Silistra vis-2-vis other parts of the world is of great 
importance to the construction of the model. Some of this in- 
formation--on trade with other parts of Bulgaria--comes from 
the interregional trade and transportation model. 
For these purposes we suggest the use of aggregated co- 
efficients giving the import and export relations from 
Bulgaris to and from the Silistra region. 
This approach cannot be used for the interrelations with 
the world market (disaggregated into SEV and market economies). 
For international demand projections it is necessary to fore- 
cast the import and export coefficients for each one of the 
sectors of Silistra under different world trade scenarios. We 
thus need three sets of coefficients: 
tui and tvi ; tei and tmi twi and tzi 
where 
u t i = export of commodity i per unit production to rest 
of Bulgaria; 
v t i = import of commodity i per unit production from rest 
of Bulgaria; 
tei = export of commodity i per unit production to the 
SEV area; 
tmi = import of commodity i per unit production from the 
SEV area; 
tw i = export of commodity i per unit production to market 
economies ; and 
tzi = import of commodity i per unit production from 
market economies. 
Some sectors are modeled with separate models like those 
for agriculture and water. 
In these cases it is obvious that one should use aggre- 
gates of input-output and capital-output coefficients derived 
in these highly specified models. Finally, a most import 
question must be addressed, namely, the issue of - new sectors 
not yet created in the Silistra region. 
Summarizing: The general framework of modeling at the 
level of Silistra as a whole is suggested to be within the 
framework of dynamic input-output analysis with a primary 
reference to the approaches discussed in Brody (1970). 
The input-output matrix to be used in this specific case 
has the design as in the Table below. 
Table 1. Simplified input-output table. 
T a b l e  of  c o e f f i c i e n t s  i n  S i l i s t r a  snapshot model. 
A closed dynamic model of the Silistra region could then 
take on the following appearance: 
where 
X(t) {Xi(t)l = vector of output per unit of time in 
time period t for the i = l,...,n 
sectors of Silistra, 
AX (t) {axi (t) 1 = vector of production increases over 
time period t, 
A(t) - {a (t) 1 = -input-output coefficients in time i j 
period t (including households and 
interregional and international sectors), 
B(t) = {b i j (t) 1 = capital-output coefficients in time 
period t. 
We can now make the convenient assumption that we are 
looking for a solution for which the common rate of growth X 
(in AX(t) = XX(t)) is the maximal, while there is an exact 
balance between production and input requirements in all 
sectors. 
We then have the system of equations: 
If we further assume that the elements b (t) = Ti(t)aij (t), ij 
where T = turnover time of commodity; in the production process, i 
we have 
A solution scheme for this problem would be to form the 
matrix: 
and then to solve the problem 
1 BX = QX where B = 7 
where B is the only positive and maximal eigen-value. To this 
corresponds a unique positive rate of growth X with a corre- 
sponding semipositive vector of production shares (i.e., Xi - > 0) 
for all sectors. 
From the numerical point of view, this is a simple and 
useful approach to the problem of scenario projections of the 
production structure for Silistra. It only involves the com- 
putation of the Q-matrix and the subsequent calculation of the 
maximal eigen-value and the corresponding eigen-vector. For 
these purposes standard computer subroutines exist and can be 
implemented immediately. 
The dynamic system (I) can also be used as a set of con- 
straints in an optimal control model, beside constraints on the 
natural and human resources. We would, however, recommend the 
use of the more simple balancing model (11) in the initial 
phases and to formulate optimal control models (or equivalent 
temporal programming models) only at a late stage, when the 
interdependencies have become better known and the number of 
interesting long-range scenarios have been narrowed down to a 
limited set. 
Integrated Physical and Economic Planning 
The KNIPITUGA institute has a responsibility for the 
Silistra project. It also has its own research focus and plan- 
ning responsibility in location and transportation planning. 
This implies that models for overall economic planning for the 
Silistra region are not enough, but that planning should be 
completed with models for integrated long-term physical and 
economic planning. 
Although oriented to smaller regional units, the analytical 
complexity of planning is very large. The subdivision of the 
region into a set of zones and subregions necessarily implies 
an increasing importance of threshold or indivisibility, lead- 
ing to increasing returns to scale in production. We thus have 
to deal with either: indivisibilities (combinatorial analysis) 
or nonconcave production functions. 
The physical planning approach is normally to work within 
indivisibility or combinatorial analysis. This means that the 
primary objects are indivisible units like production plants, 
housing and service complexes, transportation links and ter- 
minals, etc. The size of such indivisible units is normally 
predetermined in a nonspatial microeconomic analysis in this 
case. 
The constraints for the planning problem are: 
1. The amount of land in each zone, which should not be 
planned to be used beyond a certain maximum congestion 
point. 
2. The planned level of production for each sector of 
Silistra as a whole should be fulfilled. This means 
that the macroeconomic planning goals should not be 
violated by the physical planning process. 
3. The construction sector production capacity localized 
to the Silistra region as a whole should not be overused. 
4. Restructuring of areas should not go faster than is 
economically reasonable. 
These general constraints can be formalized into quantita- 
tive mathematical constraints: 
where 
X = coefficient of use of land per unit of jt 
production in sector j at time period t 
xr = capacity of production of sector j in zone r j t 
at time period t 
L~ = amount of economically usable land of zone r. 
where 
'it = total production in Silistra of commodity i 
in time period t 
where 
= use  of  c o n s t r u c t i o n  c a p a c i t y  p e r  u n i t  of new 
-
produc t ion  c a p a c i t y  of  s e c t o r  j  i n  zone r 
Ct = t o t a l  c o n s t r u c t i o n  c a p a c i t y  f o r  t h e  S i l i s t r a  
r eg ion  i n  t ime pe r iod  t 
B r  = u s e  of c o n s t r u c t i o n  c a p a c i t y  p e r  u n i t  of  new 
t r a n s p o r t a t i o n  c a p a c i t y  
r = t r a n s p o r t a t i o n  c a p a c i t y  i n  t ime pe r iod  t. 
t 
1 - 6 = r a t e  of d e p r e c i a t i o n  of  p roduc t ion  c a p a c i t y  j  
s e c t o r  j  i n  zone r. 
Thi s  s e t  o f  c o n s t r a i n t s  should be a p p l i e d  t o  a  s e t  of  a t  
l e a s t  1 0  zones ,  5  aggrega ted  s e c t o r s  and 3  t ime pe r iods .  Using 
r 
'i,t a s  t h e  fundamental  v a r i a b l e  t h e  number of  combina to r i a l  
v a r i a b l e s  should no t  be l e s s  t han  150 implying a  l a r g e  combina- 
t o r i a l  problem. 
I t  i s  o;zvious t h a t  s o l u t i o n s  t o  t h i s  p rob lcn  can on ly  bc 
found w i t h  some o p t i m a l i t y  c r i t e r i o n .  We sugges t  t h a t  a 
weighted sum of t r a n s p o r t a t i o n ,  inves tment ,  and environmental  
c o s t s  be used a s  an o b j e c t i v e  t o  be minimized through v a r i a -  
t i o n s  i n  t h e  {xr} v e c t o r .  
1 
I n  t h e  s h o r t  term,  when most of t h e  s p a t i a l  a l l o c a t i o n  
p a t t e r n  i s  g iven ,  it i s  o f t e n  s a f e  t o  assume t h e  t r a n s p o r t a t i o n  
c o s t  t o  be  l i n e a r .  I n  t h e  long run  t h e  l i n e a r i t y  approach i s  
n o t  admis s ib l e .  I t  i s  imposs ib le  i n  t h e  long run  of 20-30 y e a r s  
t o  p l an  e x a c t l y  t h e  l o c a t i o n  of t h e  most e f f i c i e n t  i npu t -  
producers  and households  of c e r t a i n  t ypes .  I f  t h e  focus  i s  t o  
c r e a t e  r o b u s t  r e g i o n s  f o r  t h e  very  long  run  it i s  much more 
r ea sonab le  t o  i n c o r p o r a t e  a c c e s s i b i l i t y  i d e a s  i n t o  n o n l i n e a r  
t r a n s p o r t a t i o n  c o s t  f u n c t i o n s  of t h e  fo l lowing  form: 
Expected cost of contact for one unit of production i if 
located in zone r for input of type j: 
where 
{as 1 = the input-output coefficients for the Silistra region; ij 
c = transportation capacity use per unit of trade; and i 
T = transportation network characteristics from zone r. 
r 
~ggregating, we get the following expected total cost of contacts: 
which is a quadratic potential transportation cost function. 
Investment costs may be represented linearly with respect 
to the increases in production as long as the physical planning 
problem is formulated in a combinatorial way. (with a reformu- 
lation in continuous variables, the average investment cost 
must fall with increasing scale of production.) 
Investment costs would consequently be of the following 
form in the integer programming version: 
r r  Investment costs = 1 bi (Xit - r 
- .. Xi,t-~ 1 
Environmental costs are evidently much harder to estimate 
but it is nevertheless proposed that they be included in the 
evaluation function. The representation of environmental costs 
must obviously include "synergisms." This precludes the use of 
a linear environmental cost function. The simplest representa- 
tion would be with the quadratic form. 
Environmental costs = xSteij xft 
r,i,j 
The interpretation is the following: 
Assume that sector i is heavy industry and j is housing. 
A positive e would then indicate that co-location of these i j 
activities would increase environmental costs. 
Summarizing, the model for integrated physical and eco- 
nomic planning has the following general structure: 
Minimize : Transportation costs + 
Investments costs + 
Environmental costs 
subject to constraints on: Land availability 
production requirements 
construction capacity 
depreciation possibilities 
integer-valued changes of 
the location variables. 
The programming of this model is a task of considerable 
mathematical complexity and it will probably require certain 
modification to be adaptable to currently available solution 
methods. A group of scientists consisting of Dr. Killio of SDS, 
and scholars from Regional Development and KNIPITUGA should be 
formed to investigate these issues. 
ECONOMIC MODELS OF INTERREGIONAL MIGRATION 
Migration is important at the regional level because of its 
effect on the size and structure of the population; it produces 
faster changes than purely natural birth and death processes, 
Therefore, migration will yield changes in consumption, in 
saving, in investment, and in government expenditure patterns as 
the size and structure of the population vary. Moreover, migra- 
tion has proved to influence (and to be influenced by) labor 
markets, wage levels, housing situations, and capital 
investments. [See, for instance, Karlqvist and Snickars (1977), 
Kulikowski (1978), Cooper and Schinnar (1973) . I  
Therefore, it seems obvious that a study of migration can- 
not be limited to its purely demographic terms, but should be 
extended to cover the main links with the economic and social 
processes [See Bilsborrow (1 976) , Willekens and Rogers (1 977) 
for review and extensive bibliographies of the literature on 
this subject. ] 
This section is mainly based on the theory developed in 
Arcangeli and La Bella (1978); its aim is that of proposing a 
general economic model of the interregional migration process 
consistent with a framework of models of the economic processes 
and of the interregional interactions. In the first part of 
this section, starting from a microeconomic foundation, we 
develop a genera1,migration model based on the analysis of 
economic determinants, and discuss several different versions. 
In the second part, we shall discuss the applicability of the 
model to the Silistra Case Study. 
A Microeconomic Approach 
In the analysis of the economic determinants of inter- 
regional migration flows, models tend to be primarily based 
upon one of the following three different theories (Greenwood 
1975, Hart 1975b, La Bella and Venanzoni 1978, Arora 1974, 
Andersson and Holrnberg 1976). 
-- the microeconomic consumer's theory (Hicks 1932); 
-- the microeconomic human capital theory (Schultz 1961, 
Becker 1962); and 
-- the macroeconomic interdependency theory (Andersson 
and Holmberg 1976). 
It is not the purpose of this section to review the above 
theories, and the interested reader is referred to the 
literature. We shall give some details only about the human 
capital theory, on which the analysis carried out in this 
section is based, which, as applied to the explanation of the 
migration phenomenon, leads to the following basic hypothesis: 
Hypotheses 1: The decision of moving for an indi- 
vidual is based on a rational comparison between the 
expected costs and benefits of the move. Costs and 
benefits are computed for the expected duration of 
life and discounted to their present value. 
As it is obvious, costs and benefits must be intended in the 
broad sense, including both monetary and nonmonetary elements. 
For instance, the costs should include the direct monetary 
cost associated with the move, the indirect monetary costs as 
earnings foregone while traveling, searching for and having a 
new job, and the psychological cost of moving. 
Therefore, for an individual of age x, the present value 
of the move from region i to region j can be formulated as: 
V . .  
where : 
PV = expected value of the move, 
R = expected income, 
C = expected cost of living, 
y = fixed cost of the move, 
r = discount factor, 
L (t) = subjective expected duration of life for 
X 
individuals of age x at time t. 
The decision-making process for an individual can be re- 
presented by a function: 
where D = 1 represents the decision of moving. 
The formulation (I), (2) of the "decision of migrating" 
process assumes a deterministic environment and a full inforna- 
tion situation. A more realistic model should take into ac- 
count the differential probability of finding a job in region i 
and j, and the information available to the potential migrants. 
Therefore, equation (1) could be modified as follows: 
Lx (t) Rj (s) - Ri(s) 
pvlj(t) = 1 s-t Lij (s) + 
s=t (1 + r) 
Lx(t) C. (s) - Ci (s) 
- C s-t - Yij I 
s=t (1 + r) 
where Lij(s) is an indicator of the differential situation of 
local labor markets. 
Also, the decision function (2) should be modified in 
order to represent a probability distribution as a function of 
P V ~ ~  (t) and Lij (s). 
In this framework, it appears to be convenient to use an 
aggregate function of propensity to migrate, defined as the 
per capita net loss of population of region i with respect to 
region j: 
where : 
P: = population of region i in the x th age group, 
X 
Mij = migrants from region i to region j in the th 
x age group, 
X 
qij = propensity to migrate from region i to region j 
for individuals of age x. 
We can also define the propensity to migrate from region i 
as: 
Assuming constant, even if different, rates of growth of income 
X 
and cost, one can expect q (t) to be a function of the current ij 
and estimated future differentials between region i and region j: 
where : 
ARijf = current differentials in benefits and costs, 
R C = 
Ahij, Ah ii expected differentials in rates of growth of 
- - 
income and cost of living. 
Some authors (Hart 1975 a, Frick and La Bella 1977), have 
emphasized the need to accommodate in the model a response lag 
of potential migrants to economic stimuli, in order to dis- 
tinguish the steady-state migration flows from the transient 
behavior of the population. 
In order to take this point into account, we can postulate 
the following adjustment scheme: 
where T is a time constant, which might be expected to vary 
X 
according to age of migrants, and G~ (t) is the actual value ij 
of the propensity to migrate. It is easy to see that in steady- 
state conditions: 
For simplicity we consider a two-region system and an age- 
aggregated function of propensity to migrate, and we drop the 
unnecessary indices. Equation (7) can be written in continuous 
form as: 
We multiply for the population size in region it 
where 
Some interesting considerations on other possible ways of re- 
presenting the migration phenomenon can be drawn considering 
the following stochastic counterpart of equation (8): 
where Wt is a Wiener process and b b are exogenous vari- 1' 2 
ables. A closed form solution for the inhomogeneous equation (9) 
can be expressed (Frick 1976) in the form: 
where O is the solution to the homogeneous equation. t 
given by: 
It is very well known that under certain continuity as- 
sumptions (Arnold 1974), these solutions Mt are also the 
solutions of a diffusion process with coefficients (Frick and 
La Bella 1977) : 
B (t, m) = aim + bl (t) drift (1 0) 
L 
a(t, m) = [a2m + b2 (t) 1 diffusion 
Moreover, it is very well known that, under not very restric- 
tive assumptions (Frick 1976), a diffusion process with para- 
meters B(t, m) and a(t, m) has a continuous chain equivalent 
specified in terms of a birth-death process with parameters 
Ym and p satisfying: m 
When applied to our case, (10-13) provide another possible 
representation of the migration phenomenon seen as a stochastic 
birth and death process with parameters: 
1 2 1 2 pm(t) = -[bl 2 + b2 (t) 1 + -[a 2 1 - a 2 m - 2a2b2 (t) lm 
Equations (6), (7), (8), (9), and (14) supply different 
representations of the migration process, viewed in relation- 
ship with its economic determinants at different levels of 
complexity and simplicity of implementation. 
Q u a n t i f i c a t i o n  o f  V a r i a b l e s  and I m p l e m e n t a t i o n  
Even if the approach followed so far can be considered of 
general validity, one can expect that the form of the function 
of propensity to migrate and the quantification of the ex- 
planatory variables differ significantly when passing from a 
market-economy to a planned-economy framework. Moreover, it is 
evident that the sensitivity of the population to the many eco- 
nomic factors which determine the migration phenomena can be 
established only after careful statistical testing. 
However, it is possible to formulate an "a priori" list of 
factors which may affect the costs and benefits of the move and, 
therefore, the decision to migrate in countries with centrally- 
planned economies: 
-- structure of employment in the different regions, 
and wage differentials among different sectors 
within regions; 
-- spatial differentials in the degree of urbanization; 
in location of social services and infrastructure, 
etc. ; 
-- spatial differentials in availability and quality 
of housing facilities; and 
-- interregional distance (according to one of the 
possible measures). 
In the first experiments, we shall restrict ourselves to 
consider two simple specifications of the aggregate propensity- 
to-migrate function (6), disregarding the influence of age. 
The first specification will be a linear one: 
where qij (t) is defined according to (4) , and {u:~ (t) 1 is the 
set of indicators of the differences between region i and 
region j. The second specification will have the form of a 
constant-elasticity function, such as 
The two above specifications will be tested and compared. 
A first formulation of the set of indicators uh (t) , ij 
according to the above considerations, may be the following: 
u4 - distance between regions i and j , ij 
where : 
E~ = employment in sector k of region j j 
P = population size of region j j 
lc W = wage level in sector k of region j (or other measure j 
of the preference of workers) 
k 
v = quantification of social utility of services j 
(i.e., v=O for nonservice sector, v = l  for educational 
opportunities) as perceived by the population 
H = indicator of housing situation in region j j 
Li = labor force in region i. 
As is obvious, u3 is the indicator most closely related to 
the cost component of the function of propensity to migrate. 
There is a very well-established opinion that such a component 
should be dependent on the differential housing situation, but 
its quantitative formulation can differ significantly from case 
to case because of both structural differences and the avail- 
ability of different data based on housing. As an example of a 
possible formulation, we may have: 
where : 
AH.(t) = construction of new houses in region j during 3 
the period t 
M.(t) = number of marriages in region j during the period t. 
3 
The models introduced so far can be estimated using econo- 
metric techniques on the basis of: 
-- time series data, 
-- cross-section data, 
-- mixed time series and cross-section data. 
A first test of models (1 5) and (1 6) would require the 
following data: 
1. Origin destination table for migrants (for the regions 
mentioned above); 
2. Population size in each region; 
3. Employment by sectors in each region; 
4. Excess demand for labor by sector in each region; 
5. Wage levels in the different sectors in the above 
regions ; 
6. Average distance among the above main cities of those 
regions can be used); 
7. Housing construction in each region per year; and 
8. Number of marriages per year in each region. 
All data should be supplied in the form of yearly time 
series, as long as possible. 
Once the model has been estimated, it would be used for 
simulation experiments, both alone and in connection with the 
models of the other components of the regional system. 
MODELING THE COMMUTING PROCESS 
Commuting is the other aspect of population mobility. 
Like migration, it arises when individuals seek satisfaction of 
their needs outside the borders of their place of residence, 
and it is usually dominated by labor markets and housing dif- 
ferentials; unlike migration, it is normally limited to short- 
distance movements. The distinction between migration and 
commuting is, however, quite blurred. An analysis of the re- 
lationships between these two phenomena is beyond the aim of 
this section, and can be found, together with a classification 
of the possible types of population mobility, in Andersson and 
Holmberg (1976). 
Here we restrict ourselves to the consideration of the com- 
muting trips between residence and work-place, and present two 
modeling approaches: the first approach is a normative one to 
calculate the economically optimal commuting pattern; the 
second approach, based on an entropy maximization procedure, is 
for forecasting the actual commuting pattern resulting from a 
given distribution of residences and work-places. 
A common framework is constituted by the consideration of 
n settlements, among which people are allowed to commute, m 
economic sectors, and the following sets of constraints: 
where : * 
Djh: labor demand in region j and sector h 
Lih: labor supply in region i and sector h 
Tijh : commuters from region i to region j in sector h. 
We assume here that L is a function of the relative hous- ih 
ing situation of settlement i with respect to the average 
housing level for workers in sector h. Moreover, D will be jh 
considered dependent on the capital stock installed-in settle- 
ment j and sector h. Therefore, we have: 
*Note that ( 2 1 )  and ( 2 2 )  implicitly state that 
i.e., that integrating over all regions, the global labor 
demand is not less than the global labor supply. 
where 
Hih: indicator of housing availability and quality in 
settlement i for workers in sector h, 
Hh: indicator of average housing availability and 
quality for workers in sector h. 
We now tackle the following problem. With a given dis- 
tribution of population and capital over the n settlements and 
the m sectors, what would be the economically optimal pattern 
of commuting? It must be noticed that in this formulation of 
the problem we assume H ih' Hh, and K in ( 2 3 )  and ( 2 4 )  as jh 
fixed for all i,j, and h. 
A solution to the above problem can be obtained with the 
use of a Cobb-Douglas production function for each sector and 
settlement: 
where 
*jh: output of sector h in settlement j , 
Ajh: constant , 
CC jh' Bjh: positive parameters . 
We can now specify the total production as 
CC 
Y** = 1 1  A jhk (1 T . . )  Bjh 
j h jh jh 1 7  
and therefore, the optimal pattern of commuting may be obtained 
by solving the following problem: 
max Y** 
s.t. ( 2 1 )  and ( 2 2 )  . 
The purpose of the second approach is to calculate the most 
probable pattern of commuting consequent to a given distribution 
of residences and working places. It is obvious that the pattern 
calculated in this way can be significantly different from that 
obtained as the solution of problem ( 2 7 )  . 
We recall that the most probable distribution of commuting 
trips compatible with constraints ( 2 1 )  and ( 2 2 )  can be found by 
maximizing the so-called entropy function given as 
W = -  e e e [ T ~ ~ ~  in T~~  - 
i j h  Tijhl 
subject to ( 2 1 )  and ( 2 2 )  . For calibration purposes only, the 
method requires a further set of constraints of the following 
kind 
C 1 1 Tijh ijh = Ch 1 i j  
where c ijh is the cost of the individual commuting trip, and Ch 
poses an upper constraint on the total travel expenses for each 
category of commuters. A complete discussion of the use of 
entropy maximizing techniques can be found in Snickars and 
Weibull ( 1  977)  and Willekens, Por, and Raquillet ( 1  978)  . 
We can associate to the entropy maximization problem the 
following Lagrangean: 
with 
> 0 and 
'jh - 'jh [D jh - 1 ~ ~ ~ ~ 1  i = O  V.,h 3 . 
From the first-order conditions, we get 
and therefore, 
Posing 
we obtain: 
substituting in (21), (22) and using (30) , we get 
which can be used for iteratively solving the entrophy maximiz- 
ing problem [see, for instance, Willekens (1977), and Willekens, 
Por and Raquillet (1978)j. The parameter Bh represents the 
sensitivity of the hth category of commuters to the commuting 
cost and can be used for calibrating the model. 
* 
Let us now call {T ij h 1 the optimal commuting pattern 
0 
obtained as a solution of problem ( 2 7 )  , and {Tij 1 the commut- 
ing pattern obtained as a solution of the entrophy maximization 
problem. From the planning point of view, the question arises 
of how to influence the commuting behavior of the population 
0 
represented by {Tij 1 in order to make it as close as possible 
to the optimal one. In this framework, three types of inter- 
ventions can be envisaged; experiments can be done on the models 
with each intervention separately or in different combinations: 
1. changes in the commuting costs; this type of inter- 
vention would include changes in the transportation 
prices and the wage levels in the different settle- 
ments and sectors; 
2 .  intervention on the housing sector; 
3. intervention in the labor demand through investments 
in the various sectors and settlements. 
It should be noticed that the changes in the commuting 
0 
costs would only affect {Tij 1, and would be very easy to 
- 
compute once the parameters B are known. Instead, the other h 
Therefore, for planning purposes, a delicate problem of 
coordination of the two models arises. A scheme of the inter- 
action between the two models and their place in a planning 
procedure is given in Figure 9. 
As a concluding remark, we would like to point out that 
there are many possible generalizations of the above two models. 
The most important is the possibility of adding further con- 
straints to the normative model in order to take into account 
specific planning requirements for deriving the optimal cornmut- 
ing pattern. For example, it can be required that the workers 
in agriculture in a given settlement h be not less than a speci- 
fied number N . In that case an addition to ( 2 1 )  and ( 2 2 )  of ha 
the following constraint would be sufficient: 
- 1 o q a a s  l e z n q l n ~ y ~ 6 e  1 0 3  s p u e q s  e  a 1 a y M  
- 1 o r A e y a q  p u e  6 u r u u e l d  * 6  a 1 n 6 ~ j  
b u ~ u u e l d  q u a u q s a n u ?  p u e  6 u y s n o y  
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AN INFORMATION RETRIEVAL AND ANALYSIS SYSTEM: 
THE INTERFACE BETWEEN THE OBJECT OF STUDY 
AND THE SYSTEM OF MODELS 
K. Evtimov, N. Grigorov 
and D. Kebedjiev 
The research activities for the analysis and development 
of the Silistra region require the collection, systematization, 
and processing of enormous information blocks. Due to the com- 
plexity of the region, the fulfillment of such a task is impos- 
sible by means of traditional methods, hence the necessity of 
creating an information retrieval and analysis system, whose 
basic purpose is to provide information for the object of the 
study, 
When developing the information system for the purposes of 
territorial organization, one should consider the following main 
requirements: 
a) The information system data base must comprise all the 
information necessary for territorial organization in all its 
aspects. That involves the possibility of systematizing a 
large number of primary parameters in relevant groups, corres- 
ponding to the separate subsystems for territorial formation and 
organization. At the same time, the number of parameters should 
be allowed to grow continuously, as the information analysis 
grows. Those parameters may be gradually aggregated into var- 
ious data banks, each corresponding to the three levels of ter- 
ritorial organization: region, settlement system, and settle- 
ment. 
b) The second main requirement concerns processing scope and 
variability of information system analysis. The system must 
provide information retrieval unrestricted in depth and scope 
for an arbitrary number of parameters, freely chosen from the 
separate data banks and generating the secondary parameters 
often used in practice. That presupposes a possibility for the 
user of the information system to define new parameters by means 
of freely set arithmetic expressions, in which the primary 
parameters introduced into the data bank are arguments. 
c) The last requirement involves simplicity in using the 
information system. Nonspecialists in computers and programming 
should be able to operate the information system easily, and 
after only a brief introduction. 
After fulfilling those three requirements, the information 
system and its data base will become a unifying information 
base for the system of models for territorial planning. In 
this respect, the information system is considered as an open 
system which is in a process of development, and in which the 
volume and the type of information as well as the number of 
methods for analysis increase. 
INFORMATION SECTION 
The basic principle of information object structuring is 
the functional-spatial one. The primary data are collected 
through inquiries and statistics. They are directly connected 
with the spatial orqanization of the environment and are as- 
signed to each settlement in the region. On such a basis, a 
unified system of numerical indicators (coordinates) along the 
horizontal and the vertical rows of the scheme is created. The 
system corresponds to the conventional spatial identification 
of settlements in the Silistra region (116 in number). For the 
purpose of settlement data grouping into other territorial units 
(settlement systems), the boundaries of those units are conven- 
tionally coded in the unified square system of the region. 
Groups of parameters, 1 1  in this case, are composed ac- 
cording to their functional aspect. Those groups correspond to 
the following subsystems for territorial organization of the re- 
gion: geographic conditions, economics, population, dwellings, 
public services, recreation, technical infrastructure, etc. 
The groups may be supplemented and developed without any re- 
strictions because of the information system. 
SOFTWARE SECTION 
The system GRASP, created for the purposes of the National 
Geologic Service of the United States in 1975, was used as a 
basic model in the development of the information system for 
the Silistra region. That dialogue system was redesigned with 
a view to the main requirements for territorial planning informa- 
tion systems. A substantial change was made in the organization 
and structure of the data base files. The change allows the 
creation of a supplementary subsystem, which, with the informa- 
tion system operation, fulfills information updating in the data 
base in a dialogue. 
Another important change concerns the increased possibili- 
ties for joining functionally different programs, written in 
FORTRAN with the information system. Such programs may be: 
-- methods for information analysis in the data 
base; 
-- programs for generating input parameters for 
mathematical models; and 
-- small models from the system, which may be 
available to the information system for 
direct use. 
The system was repeatedly programmed with view to its ap- 
plication in computers without virtual core memory, such as in 
the minicomputers. That makes it easily transferable to 
various computer systems, eliminating the necessity of data 
base transportation. 
In its present version, the information system may compile 
various data banks, including numerical text, and graphic 
informa 
In order to take advantage of the system, the user must be 
acquainted with its "language", which is easy for nonspecialists. 
From the user's point of view, that language represents a simple 
and fast mechanism for obtaining information from the data base 
and analyzing it. The language itself consists of 12 commands, 
which may be logically divided into the following four groups: 
Grouw 7: 
command FILE: Selects the data base called for by the user 
for work, 
command NAMES: Gives information about the parameters from 
the chosen bank. 
command DEFINITION: Allows the user to define new parameters 
by means of arithmetic formulae. 
Group 2: 
command LIST: Supplies data according to selected para- 
meters from various data banks. 
command DUMP: Operates like the LIST command, but for 
whole groups of parameters. 
command FUNCTIONS: Fulfills the indicated programs in- 
cluded in the information system for arbitrarily chosen 
data. 
Group 3: 
command CONDITIONS: Accepts conditions of various para- 
meters for information retrieval. 
command LOGIC: Accepts a logical expression for informa- 
tion retrieval, consisting of conditions and their logical 
operations. 
command SEARCH: Accomplishes information retrieval in the 
data bank, as indicated by the user. 
Group 4: 
command HELP: Gives brief information about the informa- 
tion system language. 
command REVIEW: Gives information about the work done 
with the information system up to that moment. 
command QUIT: Concludes operation with the system. 
HARDWARE SECTION 
The system was designed for the minicomputer NOVA 840, 
manufactured by DATA GENERAL, and later, for the computer sys- 
tem RC 4000 and the minicomputer RC 3600, both manufactured by 
the Danish firm REGNECENTRALEN. 
The base configuration, necessary for the information system 
operation, must possess a core memory of 32 KB, a magnetic disc 
of 2 MB, and a terminal, or a console for a dialogue with the 
system. 
The output from the information system operation may be re- 
ceived both on the terminal and printing devices (printer or 
hardcopy), and as a file on a disc, later used for another pro- 
cessing. 
The information system allows recording of the whole dia- 
logue, which may be later printed for secondary use. 
MATHEMATICAL SECTION 
At the present stage, the information system includes the 
following five programs for analysis of the information from 
the Silistra region: 
1. ESTIMATIONS: 
This program computes up to five potential estimations, 
each of them including up to 20 parameters, from the fol- 
lowing formula : 
j = 1 t (5 = the number of potential estimation); 
Xi; Pi = parameter and its weight coefficient partici- 
pating in the estimation. 
The program allows recursive estimates so that each esti- 
mate might include the previous one as a parameter. 
2. DISPLAY: 
This program uses coordinate data of settlements and settle- 
ment systems boundaries. It constructs a graphic image of 
the growth of a selected parameter. This growth is ex- 
pressed (up to 10) in a chosen value interval. 
The number of degrees and the subintervals, studied for 
their sake, are set by the user. 
The printing of the image, received on the terminal screen, 
allows a fast and simple drawing and duplication of schemes. 
3. GRAPH: 
This program plots a linear graph of settlements on the 
terminal screen from a set parameter. 
Here, it is again the user who sets the boundary of the 
indicated parameter interval. The graph is plotted across 
the screen, which makes it unrestricted in length. The 
information about the separate settlements is delivered in 
alphabetical order. 
4. FIT: 
The program computes the statistical relation for two 
different variables and gives the following results: 
-- deviation; 
-- slope; 
-- correlation coefficient; and 
-- number of nonempty (x,y) points. 
5. MEAN: 
The program computes statistical estimations of the first 
rank, for arbitrarily chosen parameters (up to 5). 
The five programs may operate simultaneously by a call to 
the FUNCTION command. 
CONCLUDING REMARKS 
As a result of the sys-tem application, the following most 
important features were observed: 
-- rapid processing of enormous volumes of input 
data and minimal manpower waste; 
-- transferable data banks; 
-- analysis objectiveness, achieved by many 
mathematic methods; and 
-- possibility for a direct use of the information 
system results. 
The above-mentioned features of the information system 
give us grounds to consider in the future operative connection 
("interface") between the data base for the Silistra region and 
the developed system of models. This relation will be realized 
by the following major functions of the system: 
-- compilation of primary information in various 
data banks; 
-- generating secondary information; 
-- search and transfer of information towards the 
system of models; and 
-- information actualization in the shared data 
bank as a result from the system of models work. 
Thus, by means of the information system, two information 
images of the territorial object under study--the Silistra 
region--will be formed. The first image is built by the primary 
real data, necessary for the total functioning of the system of 
models. The second image represents the result from the system 
work or its objective. It will be built by means of all real, 
unchanging, primary data for the region, plus the new parameters 
generated by the system of models which outline the future 
development of the region. 
Being bound into a new data base, these two object images 
will grant the possibility of fulfilling comparisons and esti- 
mations for the outcome of the system of models. 
The development of a common data base, a system of models, 
and the information system will represent a contemporary approach, 
which may be applied to research activities, and design and plan- 
ning of the territorial development not only in the region of 
Silistra, but also for the other regions in the country. 



ANALYSIS AND SIMULATED PROJECTIONS OF 
THE POPULATION OF THE SILISTRA REGION 
Dimiter Philipov 
One of the most important features of a contemporary com- 
plex analysis of regional development is the possibility of 
making any particular planned activity reasonable within the 
framework of the system approach. This comes about by mul- 
tiple feedback between the separate models of the system, which 
may well cause substantial deviations from the expected results. 
Depending on likely further repercussions within the 
system, a given line of action may even prove to be 
eventually self-defeating. In the opposite case, 
where desirable eventual effects can become much 
larger than those immediately following the action, 
the particular measures taken can have a catalytic 
effect (U.N., 1974, p. 103). 
For instance, models which describe the development of in- 
dustry, agriculture, physical planning, etc., are very often 
constructed without considering the amount of the classification 
of the labor force. If so, it may happen that, in order to meet 
the requirements of these models, the amount of labor in the re- 
gion must rapidly increase. The regional population might not 
be able to ensure such an increase, so it becomes necessary to 
gain, through migration, from other regions. 
It is obvious that the size of the migration flows, if not 
theoretically, are practically limited; therefore, it may well 
happen that the regional requirements of the labor force, as 
predicted by the models, cannot be met at all. In such a case, 
the system of models will not be useful. Difficulties may arise 
also when the inmigration flow is within its practical limits. 
The inmigrants will need housing, education, health care services, 
transportation, etc., and if their number is considerable, some 
changes in the distribution of the investments will appear, which 
have not been accounted for by the models. In such a case, the 
line of action, as depicted by the models, is self-defeating. 
The controversial point is met when there are fewer or more 
jobs than employees. If the planned regional development is a 
fast economic growth, ensured by an investment policy, one may 
expect that facilities may be available for the development of 
some additional activities in the region, in this way making it 
possible to speed still further the regional development. In 
such a case, the line of action as presented in the models will 
be catalytic. 
From what has been stated above, it becomes clear that a 
system of models which does not incorporate studies on population, 
migration, and the labor force may be anything from self-defeating 
to catalytic. In order to avoid undesirable lines of action, it 
is necessary to link the different economic models with supple- 
mentary population studies, so that the linkage will describe 
the impact of population on economy, and vice versa. 
In order to clarify this linkage, consider the following 
scheme : 
where P/M denotes those models where the population characteris- 
tics (age, sex, active population, etc.) are dependent on the 
migrations; M/E denotes the models which represent the migration 
movements as dependent on socioeconomic variables; and E/P  
denotes the models which study the socioeconomic development of 
the region, as dependent on population (through the labor force, 
for instance) . 
The above-presented scheme does not consider the impact of 
socioeconomic changes on fertility and mortality, and vice versa. 
This is not necessary when the system of models is designed for 
a period of time not longer than 15 years. 
In this report, the part P/M from the scheme will be con- 
sidered. What is expected from it is to give a forecast of the 
population of the Silistra region, based on reasonable assump- 
tions for the future trends of fertility, mortality, and mi- 
gration. 
The changes in fertility and mortality will be based on the 
demographic policy which is adopted in Bulgaria and its effec- 
tiveness in the Silistra region. The changes in migrations are 
based on the M/E models. For the time being, they are not avail- 
able and will be replaced by descriptive scenarios. 
The population projection and its simulations will be car- 
ried out and analyzed by making use of the multiregional demo- 
graphic model which has been developed in IIASA and whose method- 
ological basis is described by Rogers (1976). The study is car- 
ried out on the basis of the 1975 vital statistics data. The 
computer results are obtained through a package of computer pro- 
grams created in IIASA (Willekens and Rogers 1978) and used for 
the study of the multiregional populations of all the member 
countries of the Institute. 
ANALYSIS OF THE OBSERVED POPULATION 
The multiregional approach to the study of population dy- 
namics leads to the extension of the conventional demographic 
methodological tools: the single-region life table, the single- 
region population projection, the single-region stable equiva- 
lent population. The extension comes through the inclusion of 
the interregional migrations in the model, thus introducing the 
spatial dimension into the population system. In the conven- 
tional case, the single-region population was closed to migra- 
tions, while in the extended case, a multiregional population is 
considered. Hence, methodological tools are provided for a more 
detailed study of the spatial population dynamics. 
In the case of the Silistra region, the population is di- 
vided into two groups--Silistra natives and people from the rest 
of Bulgaria. The population data for 1975 are exhibited in 
Table 1. 
Table 1. Observed population characteristics: input-data. 
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The mean age of a population is an overall measure of its 
age-specific distribution. When the effect of the age distri- 
bution is eliminated, the mean age is a measure of the schedule 
of the observed characteristics, thus allowing for comparisons 
among different populations. Table 2 gives the mean ages of 
the population and of the schedules of fertility, mortality, 
and outmigration for Silistra and the rest of Bulgaria. For 
comparison, the same mean ages for the population of Sofia are 
added. 
Table 2. Mean ages of the fertility, mortality, and outmigration 
schedules for three regions of Bulgaria. 
Schedules of: 
Region Population Out- 
Fe.r ti.li.ty Mortality mi.gr at i.on 
- -- . - - - -  - - 
Silistra 33.60 24.21 78.58 20.44 
Rest of Bul. 35.36 24.44 78.70 19.24 
Sofia 34.37 25.44 80.04 27.20 
Table 2 shows that the mean age of the Silistra population 
is low, which is due to its young mean age, Its schedules differ 
in a minor way from the schedules of the rest of Bulgaria. The 
differences are considerable when the highly urbanized region of 
Sofia is considered. Especially significant is the difference 
for the outmigration schedule. 
The outmigration schedule of the Silistra population is ex-. 
hibited in Figure 1. It can be seen that there is a high peak in 
the age group 15720. This is due to the fact that in Bulgaria 
the pupils, upon finishing their primary education, have the 
choice of continuing their studies in a number of professional 
schools. 
AGE GROUPS 
4 2 -  Outmigration curve 
Figure 1. The outmigration schedule of the population of the Silistra 
region, 
Implications of the Life Table for Silistra 
and the Rest of Bulgaria 
The analysis of the observed 1975 population of Silistra 
will be continued by using multiregional concepts only. The 
life table for Silistra and the rest of Bulgaria will not be 
exhibited here because the two regions differ so much in size 
that their life-table characteristics should not be compared. 
Instead, implications of the life table will be discussed--they 
are outlined in Rogers (1 975) . 
The expectation of life is a measure of mortality which is 
not influenced by the age structure of the population. The life 
expectancy of a Silistra baby was estimated to be 70.26 years, 
which is close to the one for the rest of Bulgaria--71.00 years. 
When infant mortality is eliminated, the difference is smaller: 
the life expectations of a person at the age of 5, are 67.84 
and 68.04 respectively. This is the case for all other ages 
also. Therefore, it can be stated that the infant mortality in 
Silistra is higher than that of the rest of Bulgaria (this can 
also be observed by comparing the age-specific death rates). 
The multiregional model gives the life expectancy dis- 
tributed according to the regions concerned. A Silistra baby 
is expected to spend 48.77 years of its life in the Silistra re- 
gion and 21.52 years in the rest of Bulgaria. Data on life ex- 
pectancy show that the level of outmigration from the Silistra 
region is high, compared with the seven-region disaggregation 
of the country (Philipov 1978) . 
A well-known measure of the fertility level is the gross 
reproduction rate (GRR). It is the sum of the age-specific 
fertility rates multiplied by five. The GRR gives the number 
of babies per person when there is no mortality during the period 
of reproduction. This number is 1.21 for a person from the 
Silistra region and 1.11 for a person from the rest of Bulgaria. 
In both cases reproduction is ensured if the mortality level is 
reasonable. 
When mortality during the reproduction period is taken into 
consideration, the overall measure of fertility is the net repro- 
duction rate (NRR). In the case of the multiregional approach, 
the NRR is transformed into the spatial NRR because the impact 
of migrations is included. The spatial NRR (iNRR.) gives the 
3 
number of babies born in region j to a person born in region i. 
It is computed according to the formula: 
NRR = 
where 
L = the number of persons from the multiregional life- i j 
table population in region j and born in region i; 
F = the age-specific fertility rates in region j ;  j 
Z = the last age group. 
For the Silistra region, lNRRl = 0.7845 and lNRR2 = 0.3397, 
i.e., a person born in Silistra will produce 0.7845 of the 
births in Silistra and 0.3397 in the rest of Bulgaria to make a 
total of 1.1241 births. This implies that the stationary popu- 
lation of Silistra loses 0.3397 of its births because of the 
outmigrations. 
Just as the GRR is computed from the age-specific rates of 
fertility, the gross migraproduction rates (GMR) are computed 
from the age-specific rates of outmigration. For the Silistra 
region, GMR = 0.53. This means that a person born in the region 
is expected to make 0.53 moves with a life of average length. 
When mortality is accounted for, the net migraproduction 
rate is to be computed, according to the formula: 
-
- 
NMR = L.(x) M.(x) , 1 i j  i j x=o 3 
where M.(x) is the age-specific outmigration rate in region j .  
3 
For Silistra, the total NMR is equal to 0.39, which is the 
number of moves per person from the stationary population if 
mortality is accounted for. 
The life expectancy is a measure of duration--i.e., it 
states the number of years to be lived in a particular region. 
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The multiregional population projection yields a number of 
characteristics presented in Table 3. The table also shows the 
values of the characteristics for the stable equivalent popula- 
tion of the Silistra region. 
The stable equivalent.population is defined as the popula- 
tion which, in the long run (in practice, after some 100 years), 
will reach the same numbers as the observed population. There- 
fore, it is a most useful tool with which to study the demo- 
graphic characteristics of the observed population. 
Mean Ages. Table 3 shows that the initial population of 
the Silistra region is younger than that of the rest of Bulgaria. 
It is aging quickly though and yet, in the year 2000, the dif- 
ference will be insignificant. The stable equivalent population 
is more aged than the observed, but younger than the stable equiv- 
alent population of the rest of Bulgaria. Therefore, it may be 
inferred that the observed population of the Silistra region will 
age in the short- and middle-run (20-25 years) and to become 
younger afterwards. 
This inference is of importance for the population policy 
in the region because it shows that the number of aged people 
should increase. This is shown also by the dependency ratio, 
defined as the proportion of the active population to the in- 
active population. In 1975, the dependency ratio was 0.54 and 
it will rise smoothly to 0.58 by 2025. 
Regional Share. This is in fact the percentage distribu- 
tion of the population. Silistra has 2.02 percent of the popu- 
lation; the percentage will decrease to 1.96 by the year 2000 
and to 1.88 by 2025. The stable equivalent is 1.59 percent, 
which is considerably lower. Since fertility in the Silistra 
region is higher than that in the rest of Bulgaria, it can be 
inferred that the relative decrease of the regional share is 
due to net outmigration flow. Due to the outmigrations, the in- 
crease of the Silistra population is slower than that of the 
rest of Bulgaria. 
Growth Ratio ( A ) .  This is defined as the ratio of the 
population of a given year to the population 5 years ago. The 
growth ratio of the two regional populations is greater than 
the ratio of the period of projection, which shows that they 
are both increasing. Yet, the growth ratio for the Silistra 
population is smaller than for the rest of Bulgaria, which re- 
flects its slower increase. It can also be seen that the 
Silistra population growth ratio is decreasing during the period 
of projection, which means that the rate of increase of the 
population is slowing down. 
The growth ratio of the stable equivalent population is de- 
fined as the dominant root of the multiregional growth operator, 
therefore it is the same for all regions. In this case, it is 
1.013, i.e., higher than that of the Silistra population during 
the same period of projection, and close to that of the popula- 
tion of the rest of Bulgaria. 
The stable growth ratio is used to define the spatial in- 
trinsic growth rate: r = 1/5 1nX. In this study, r = 6.46 per 
thousand, which reflects the high natural increase of the Bul- 
garian population when migrations are taken into consideration. 
Age Composition. The age compositions of the Silistra 
population in 1975 and its stable equivalent are presented in 
Figure 2. The figure reflects the larger size of the observed 
population: the area under its curve covers 176,428 persons 
while the area under the curve of the stable equivalent covers 
only 141,755 persons. 
The curves reflect the inferences already made in the paper: 
it can easily be seen that the population is aging, that the 
number of aged people is increasing relatively, and that the 
observed population is decreasing when compared with the rest 
of the country. 
SIMULATED POPULATION PROJECTIONS 
The population projections discussed in the previous sec- 
tion were carried out on the basis of constant fertility, mor- 
tality, and migration rates. It was pointed out that such a 
projection is to be used for analyzing the observed population, 
and not for forecasting its changes. 
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In order to forecast the dynamics of a multiregional popu- 
lation, it is necessary to introduce changes in the observed 
rates. Of course, it is impossible to change the rates exactly 
to the way they will be in the future. Under certain assump- 
tions though, new values of the rates can be entered into the 
model and thus could influence the dynamics of the population. 
The new values can be obtained by two different approaches. 
First, from another model where the population characteristics 
are dependent variables and their dependence on a number of 
socioeconomic variables is descrbbed. No doubt such an approach 
is better than any other. 
Second, a decision-making procedure may be adopted. It is 
supposed that the population characteristics will change in ac- 
cordance with the population policy designed in the country and 
in the particular region. This approach can be used when one- 
time changes are introduced--£or instance, how the inmigration 
and outmigration flows will influence the behavior of the popu- 
lation if they are diminished or increased at a particular year. 
In the case of the Silistra study, it was intended to use 
the first approach. A model of population dynamics has been de- 
veloped by Professor La Bella. Unfortunately, the results of 
this model are not available yet, so the second approach was 
used instead. 
The following changes have been suggested: 
1) Fertility. The fertility analysis from the previous section 
showed that the fertility level in the Silistra region is above 
the replacement level and higher than in the rest of Bulgaria. 
Studies on regional birthrates in Bulgaria (Naumov et al. 1974; 
Stefanov et al. 1974) show that during the 20 30 years before 
1970-1975, there has been a decrease in the differences among 
the regions. Regions with high levels exhibit a decrease and re- 
gions with low levels. exhibit an increase. Therefore, it may be 
expected that in the future the birthrate in Silistra will di- 
minish somewhat. At the same time, the policy to increase the 
birthrate adopted in the country has been effective during its 
10 years of existence and there is no reason to believe that it 
will not be effective in the future as well. Therefore, it can 
be expected that the birthrate in the whole country will rise. 
These two competing forces show that it is very difficult to 
suggest any changes in the birthrate in the Silistra region--that 
is why no changes have been introduced in the model. 
2) Mortality. The mortality analysis showed that the largest 
difference exists where infant mortality is concerned (in the 
models, the age group 0-5 was concerned). Therefore, it was 
suggested that the mortality rate of this age group be decreased 
to the level of the rest of Bulgaria, over a period of 15 years. 
The expectation of life being 71 years (after the decrease 
of infant mortality), it is hard to believe that there will be 
any major changes over a short period of time. This level of 
mortality has been constant in a number of countries for a very 
long period of time. That is why it was suggested that all the 
age-specific mortality rates be decreased so that the life ex- 
pectancy will increase over the period of 15 years by 2.5 years 
in the two regions. The hypothesis is supported by the expected 
increase in the level of urbanization in the region, and it is 
well known that the mortality level is higher in the urban areas. 
3) Migrations. It was shown that the outmigration flow from 
the Silistra region is the dominant one. It is expected that due 
to the investment policy and according to the planned socioeco- 
nomic development of the region, this flow will diminish. The 
experience in some European countries shows, however, that when 
investments were made, the inmigration flow increased, and the 
outmigration flow hardly changed at all (this is the case, for 
instance, with Sweden) (WP-78-38). 
In accordance with these observations, two hypotheses have 
been suggested: increasing of the inmigration flow and decreas- 
ing of the outmigration flow. 
The changes in the two migration flows were introduced 
through changes in the GMR's. The GMR defined as the sum of 
the age-specific migration rates multiplied by 5, is a measure 
of the area under the curve of outmigration (Figure 1). Hence 
it is an overall measure of the size of the migration flow, 
which preserves the age-specific pattern of migrating. It is 
necessary to point out that the GMR's are estimated in accor- 
dance with the changes which take place over the population ex- 
posed to risk, during the projection process. 
Changes in the GMR's reflect most accurately the effect of 
a migration policy. For, if only total numbers are concerned 
(for instance, if the outmigration flow decreases from 1400 to 
700 during the period 1975-1990), the increase of the population 
is not accounted for, and the incentives necessary to meet the 
requirements might go beyond the population policy. 
The two hypotheses are entered in the model by increasing 
the GMR of the inmigration flow and by decreasing the GMR of the 
outmigration flow. In both cases, the changes take place over a 
period of 15 years (1975-1990). The changes in the magnitudes, 
together with combinations of the GMR's, yield a number of sce- 
narios which are outlined below. All scenarios are designed so 
that any changes which could take place are in favor of the 
~ilistra region, because the development of the region suggests 
an increase of its attractiveness. 
The scenarios of the simulated projections have in common 
one change only (except for the first scenario): a decrease in 
the mortality rates so that the life expectancy will increase 
by about 2.5 years in the two regions. The mortality rate for 
the age-group 0-5 in Silistra is also decreased to the level in 
the rest of Bulgaria. 
1 GMR2 further denotes the GMR for the flow from Silistra 
to the rest of Bulgaria. 2GMR1 refers to the counterflow. 
Scenario 1. No changes are entered. Its results were discussed 
in the previous section and will be used here for 
comparisons. 
Scenario 2. Changes in mortality only, as described above; no 
changes in the GMR's. This scenario reflects a 
population projection under the conditions of an 
ineffective migration policy. 
Scenario 3. Changes in mortality; a decrease by half of 1GMR2. 
Reflects an effective migration policy in Silistra 
that reduces moves out of the region, with a con- 
stant inflow because of the investments which have 
been planned. 
Scenario 4. Changes in mortality; GMR one-third its rate in 1 2  
Scenario 2. Reflects an extreme migration policy 
in the region. 
Scenario 5. Changes in mortality; GMRl doubles. Reflects the 2 
countereffect of the migration policy, that the 
region will become attractive for outsiders only. 
Scenario 6. Changes in mortality; GMRl triples. Reflects an 2 
extreme countereffect of the migration policy. 
Scenario 7. Changes in mortality; a decrease by half of both 
1 GMR2 and 2GMR1. Reflects an effective migration 
policy in the Silistra region and in the rest of 
Bulgaria. 
Scenario 8. Changes in mortality: GMRl doubles and a decrease 2 
of 1GMR2 to half of its level in Scenario 1. 
This scenario reflects the impact of the planned 
regional development on the migration flows. 
Scenario 9. Changes in mortality; GMRl triples and a decrease 2 
by two-thirds GMR2. Reflects an extreme case of 1 
the assumptions of Scenario 8. 
The detailed results of some scenarios are given in the 
Appendix. Table 4 presents the results of the projections under 
the nine scenarios. The data are given as follows: 
1. The proportional distribution of the total numbers in three 
age groups: 0-14, 15-64, 65+. This allows for a brief analysis 
of the effect of a given simulation on the population of working 
age (1 5-64) and on the young (0-1 5) and old (65+) dependents. 
2. M. AGE. The mean age is an overall measure of the age dis- 
tribution and can be used for a preliminary comparison of dif- 
ferent simulations. 
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3. TOTAL: gives the total number of persons. 
4. The results are presented for the initial year 1975, for 1990 
and for 2005, i.e., two consecutive periods of 15 years are cov- 
ered. The program for the development of the Silistra region is 
planned to take place until 1990, and that is why the data are 
presented for this year. Bearing in mind that demographic 
changes have a long-run effect on the population characteristics, 
it is necessary to study the projected population numbers over a 
longer period of time, and that is why the data for the year 2005 
are presented. 
The results will further be analyzed separately for the 
working population and for the three age groups. 
Labor resources. The proportion of.the age group 15-64 in 
1990 is the same for the different scenarios, but is a little 
smaller than in 1975. Therefore, it can be expected that under 
any assumptions of demographic changes, the dependency ratio 
(non-working population to total population) will slightly 
increase. In 2005, the proportion of the working population is 
the same for all Scenario 1. The decrease in comparison with 
1975 is a drop of 2 percent. 
On the basis of these observations, the following inferences 
can be made. During the first 15-year period, there will be 
hardly any necessity to redistribute the social investments with 
regard to the proportion of the labor resources to the total 
population. During the second 15-year period, the distribution 
of the social investments must be adequate for the 2 percent in- 
crease of the dependents. 
The totals of the labor resources will change considerably 
under the specifications of the scenarios. Bearing in mind the 
uniformity of their proportions, it suffices to discuss the num- 
bers referring to the total population. 
The comparison between Scenarios 1 and 2 shows that the de- 
crease of the mortality rates brings about an insignificant in- 
crease of the total population in 1990. Until 2005 this increase 
is still insignificant, but must not be neglected. The totals of 
the other scenarios are somewhat larger, hence the changes in the 
migration rates are not so important for the future population 
growth as the changes in the migration flows. 
The scenarios 3, 4, and 5 give an increase of the labor 
force with approximately 3000 persons in 1990 when compared with 
the first scenario. The difference is considerable in 2005-0 
approximately 10,000-15,000 persons. Obviously, such a number 
of working people will be of great importance to the socioeco- 
nomic life of Silistra. 
The increase which is reached by Scenario 7 is not so large. 
It is an intermediate point between the two groups of scenarios 
considered above. 
Scenarios 6 and 8 give an increase of the labor force, 
which is considerable by 1990, of approximately 7000 persons. 
The difference in 2005 is about 30,000 persons, which can be 
crucial to the later socioeconomic life in the region. 
A surplus of 10,000 persons in 1990, which is reached under 
the specifications of Scenario 9, can be a burden or an aid to 
future development, as was discussed in the Introduction. The 
difference in 2005 is so large that the surplus can hardly be 
expected to help, for a surplus of 50,000 persons in the labor 
force is difficult to accommodate in a small region like Silistra. 
Recall that in 1975 the labor force is 100,000 persons. 
The analysis of the nine scenarios can be briefly linked 
with the probable future needs of the labor force as follows. 
If the economic models show that only a small increase of the 
labor force is desired, the best results are yielded by Scenarios 
1, 2, and 7, and partially by 3, 4, and 5. If the models show 
needs for a substantial increase, then Scenarios 6 and 8 give 
suitable results. Finally, Scenario 9 gives results which meet 
the needs of an enormous increase of the labor force. Precau- 
tions are necessary if the migration flows happen to follow the 
assumptions under Scenarios 6, 8,.and 9, for during the second 
time period (1990-2005), they lead to an enormous increase of 
the labor force, which may well cause a number of problems. 
Dependents. Here, the population proportions of the age 
groups 0-14 and 65+ will be analyzed. 
During 1990, the proportions are placed within a very small 
range, the extremes being given by Scenarios 2 and 9. In gen- 
eral the outcome is that the population is aging, therefore a 
part of the investments for the population in the age group 0-14 
(children, houses, schools, etc.) have to be transferred to meet 
the needs of the aged people (pensions, etc.). By 2005, some 
differences appear among the scenarios. It can be seen that the 
scenarios, with increasing migration flows, bring about a de- 
crease in the mean age, i.e., a gain in the proportion of 
youngsters. The gain is due to the decrease in the proportion 
of people aged 15-64. Therefore, during the second 15-year 
period, the transfers of the investments must be directed from 
the labor force to the youngsters. 
The analysis of the proportions is useful both for the dis- 
tribution of the investments and for their total size. The 
total numbers of the two groups of dependents are the main fac- 
tors for studying the amount of investments which are necessary 
to meet the needs of the population. Such an analysis will fol- 
low the above lines of discussion for the labor force, and need 
not be repeated here. It will only be pointed out that the as- 
sumptions of Scenario 9 lead to an enormous increase of the re- 
gional population, and this calls for a really substantial en- 
largement of the investments which are indispensable to meet the 
people's needs. That is why a policy encouraging such migration 
could be "self-destructive" rather than "catalytic". 
Finally, it must be stated that scenarios giving increasing 
migration flows (5, 6, 8, and 9) show that difficulties of an- 
other type may arise. Namely, the enlarged number of newcomers 
has to be considered for the physical planning of the settlements, 
for housing construction, etc. Especially important is the pro- 
blem of housing, because the main direction of the flow is rural- 
urban, and therefore the growth of the urban areas is much faster. 
CONCLUSION 
In this report, the simulated population projections were 
based on the assumption that the socioeconomic development of 
the Silistra region will lead to a decrease in the net 
outmigration flow, Based on this assumption, the simulations 
were carried out for different changes of the inmigration and 
outmigration flows, It was shown that the changes in the mag- 
nitude of the flows lead to changes of the population numbers 
which are much larger than changes in the mortality rates, 
It was shown also that an extreme effect of the migration 
policy and of the economic planning will lead to an enormous in- 
crease in the regional population, Reasonable changes lead to 
results which seem to be favorable to the regional development. 
In any case, the results under different assumptions differ con- 
siderably, and it may therefore become necessary to optimize 
the magnitude of the migration streams so that they are con- 
sistent with the demands of the economic models. The increase 
in the total number of moves may cause some problems from the 
social point of view, but such a study must be enlarged to in- 
clude the qualifications of the migrants which are "exchanged" 
by the two regions. 
Note: the results in this report are based on the data 
in Table 1. The major problem with the data is that the age 
distribution of the two flows was not available to the author. 
The age distributions of the departures and the arrivals was 
used, which include the moves within the region. The total 
numbers of the interregional flows were disaggregated according 
to the percentage distribution of the departures and the ar- 
rivals. Such a procedure could be wrong, because the migration 
schedules of the interregional and intraregional moves could 
differ substantially. If this happens to be the case, the re- 
sults of the simulations will differ considerably from those 
discussed here. 
Appendix I gives the results of Scenario 7, which in 
general opinion is expected to be the most probable one. 
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MIGRATIONS IN THE SYSTEM OF MODELS 
FOR INTEGRATED TERRITORIAL DEVELOPMENT 
Boris Mihailov 
INTRODUCTION 
The problem of modeling of the migrations is a complex one 
and comprises many different aspects due to their links with: 
-- demographic processes (fertility and mortality) ; 
-- economics; 
-- social conditions; 
-- political constraints; 
-- psychological motivations; 
-- spatiality. 
It can, however, be said that the investigations in the 
sphere of modeling of the migrations t o  date have been mainly 
directed t o  the influences of different factors o n  the migra- 
tions and have inadequately taken into account the repercussions 
(feedback) of the migrations o n  the development of different 
spheres and activities, In this sense the problem of regulat- 
ing the migration processes is less elaborated in the re- 
gional aspect. 
The elaboration of the system of models for integrated 
territorial development of the Silistra region enables us to 
improve both the modeling of integrated regional development 
and of the migrations. 
Migration flows are connected mainly with the movement of 
labor resources. In Bulgaria, great importance is paid to the 
problem of labor resources, their movement and their effective 
utilization. In this respect, many government decisions are 
adopted, as for example: 
-- elaboration of a general scheme for territorial dis- 
tribution of productive forces and national balance of 
labor resources; 
-- extension of the private households to reach self- 
sufficiency of the population in terms of 
agricultural products, with the aim to fully utilize 
the labor of the total population; 
-- construction of a system of services which is based on 
the territorial allocation of the population as con- 
sumers of the services; 
-- implementation of two and three work shifts per day 
in the material sector with the aim of fully utilizing 
capital. 
It can be claimed that where problems connected with labor 
resources, their movement and utilization are concerned, one 
feels the lack of the models for regional decision-making. The 
Silistra project is an appropriate case for solving these 
problems. It is necessary to stress that the economic mechan- 
ism for management in Bulgaria is centralized, which will in- 
fluence to some extent the assigning of input of some parameters 
to the model of the migrations. At the same time, the sub- 
jective character of the motivation of the personal behavior 
will move closer the instruments for the regulation of migra- 
tion processes in centrally planned economies to those in 
market economies. One can also claim that differences in 
mechanisms of management in different countries will provoke 
differences rather in the approach to the calculation scheme 
connected with the modeling of the migrations than in the in- 
struments for their practical regulation, which makes the 
mutual participation of specialists from different countries 
working on this complex problem especially useful. 
This report w i l l  further be based o n  the following 
initial conditions: 
-- an intraregional input-output model should be 
elaborated within the region in order to provide con- 
straints to the different subsystem models, including 
the model of the migrations; 
-- separate models with local criteria for different 
productive and non-productive subsystems should be 
elaborated, in which the problem of labor resources . 
will play an important role; 
-- despite local optimums for development of the separate 
subsystems, strategic-type models have to be solved 
within the framework of the region in order to 
satisfy the global optimum of the region; 
-- the reverse influence of migrations on the separate 
subsystem's development requires that the migration 
processes be regulated in terms of the appropriate 
instruments. 
The defining of the parameters in the migration model, the 
linkage with the other subsystem models, and the instruments 
for its solution, require that systems analysis has to be 
carried out within the following main problems and in the 
following sequence. 
1 .  The scope of the migration model has to be defined and 
differentiated from the other subsystem model of the 
region. 
2. The factors which influence the size of the migration 
flows .have to be investigated and be linked with the 
parameters of the remaining .subsystem models within 
the region. 
3. The calculation scheme of the migration modeling and 
its regulation has to be connected with the optimiza- 
tion scheme of the whole system of regional models. 
The main goal of this investigation is to define such an 
approach to rhe modeling of the migrations as a subsystem which 
will serve as improvement to the optimization scheme of the 
whole system of regional models. 
SCOPE AND DIFFERENTIATION OF THE MIGRATION MODEL (MM) 
The investigation of the problems connected with the 
migrations enables us to clarify the subject of MI4: namely, 
it is a spatial demographic process, i.e., population movement 
under the influence of demographic, economic, and social 
factors, the consequences of that movement, and its regulation. 
Determining the subject of migration modeling in this way re- 
quires that special attention be paid to spatiality in the 
other subsystem models within the framework of the region. 
It is obvious that the migration flows, in spite of the 
factors which have provoked them, are constrained by the demo- 
graphic changes in the population. The population demographic 
growth in the single-region case may be expressed by the well- 
known Leslie model (see Keyfitz 1968) [ 2 ] :  
where 
t+n I = column-vector of the projected population of 
subregion p (or a point within the region) 
after n time-periods of projection; 
L = Leslie matrix derived by the fertility and 
-P 
mortality rates in the same subregion;* 
t {KpI = column-vector of the population under analysis 
during the initial year t in subregion p. 
*For ease of exposition, L is one and the same for all p. 
-P 
This model has to be used at the initial stage of the 
regional input-output model. 
The Rogers' model [71 can be used successfully to forecast 
the population growth, and to define the size of the inter- 
regional migration flows: 
where 
= column-vector of the projected population 
of all the subregions; 
G = multiregional growth matrix (Rogers 1975); 
- 
The multiregional model was applied to the biregional 
system Silistra-rest of Bulgaria. The projection is expressed 
graphically in Figure 1 using formula (2). As compared with 
the population growth projection without migration in Figure 2 
(the computations were made by D. Philipov using formula (1)) 
one can observe the effect of a negative migration flow to the 
Silistra region. 
It is necessary to point out that this approach to derive 
migration flows does not ansser the following question: Which 
are the factors and how do they influence the size of the 
migration flows? It is obvious that the influencing factors 
during the initial year will change during the projection 
period. Hence, if we directly connect the migration rates 
with the factors from which the migrations depend, the above- 
shown approach can be used successfully for forecasting the 
size and structure of the migration flows for a prospective 
period. 
In this way the MM can be differentiated as independent 
with its own significance in the system of regional models. 
Population 
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2020 
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Figure 1. Bi-regional projection of the Silistra population 
(Silistra--rest of Bulgaria). 
Population 
Figure 2. Single region projection of the Silistra 
population. 
FACTORS INFLUENCING THE SIZE OF THE MIGRATION FLOWS 
The age-structure of the population is of extreme impor- 
tance in the investigation of factors which influence the 
migrations. This enables one to investigate the place and role 
of labor resources in the integrated system of regional models. 
In accordance with the remarks above, one can persuade the 
following main ideas: 
-- more precise definition of the MM and the other sub- 
system models (in the latter, labor resources take 
part in defining the efficiency of their activity); 
-- a comprehensive analysis of factors which influence 
the movement of the labor resources; and 
-- linkage of the MM with the other subsystem models. 
A general idea concerning the relations between the labor 
resources and the other subsystem models in the region is 
presented in Figure 3. 
Generally, we can see from the scheme that the model of 
labor resources and other subsystem models are interrelated: 
the first model supplies the others with data on a labor force, 
while the other models provide data on commodities, facilities, 
lifestyle, etc., concerning the population and labor resources. 
The formation of labor resources by subregions and their 
movement can be expressed with the following equation: 
where 
K = demogrowth of population in subregion p (defined 
P 
by formula (I)); 
N = inactive population in subregion p (defined by 
P 
formula (1)); 













































































































































